; e3e2; x28<6$TxTB20 January 2005 w0112/12162 PROGEN TOR CELL 20AkBudi 2RCDS
AND USES RELATED THERETO 5 Background of the Invention PCT/US(11/21R97

Pl uri potygplyz5i@m cel | s have generated trenmendous int ereSthﬁuétﬂfi f-onmedi cal
community. Wth the realization that stemcells can be isolate f‘.rom many
adult tissues has cone the hope that cultures of relatively pure stemcells
can be maintained in vitro for use in treating a wi de range of conditions.
Stemcells, with their capability for self 10 regeneration in vitro and
their ability to produce differentiated cell types, nmay be useful for

repl acing the functi Sals) L %ﬁmy any organ
system By sone esti %RQG@, O%Uéﬁ-‘l‘[’é]u fer fromdisorders
that m ght be alleviate I \ala hes that utilize stem
cells (Ferry (2000) Sci g&lgib E@,@g@movﬁeﬁﬁ% i nclude, for exanple,
cardi ovascul ar di seases, autoi mmune di seases, 15 di abetes, osteoporosis,
cancers and burns. Insulin-dependent diabetes nellitus (IDDM is a good
exanpbe @achghiundasfahe fimtentionl d be cured or aneliorated through the use of

stemcells. Insulin-dependent diabetes nellitus irs a di sease characterized
by el evated bFHBEIPOFIICHYE %Ha ke sspyale dranendess Heferpshan iths bigmedicahe cause

! h . _ e S !
Chsul'n BBty aRich Bekidafiol BEb i RO barPRELSIIAT M nldlf s BRNC, |
are not abd eorhotiebisspelthstugdtires offelithelbhaedidit ceianbenasminddaahiiesn, and

t he excess sugar accunulates in_the blood. Chronically elevated bl ood
gl ucose &g ds teating e vidhungs ghennditioppVStesn celisaiad thgir Ranahiity for self-

injectio j.Z€. ti M. DGy i | Ln.d-njpecti re influenc by
oned? enbpadafortif SN hélt SRl BRdck Wb RGP ObS: bR ERERE DY pe
wor | d t ogiteplbtia B @i fintSoPBfagifig MRIHIRTRIP LEHSHB Hny OREM HyStehli. SBRS@SHei N t he
United States, and a | eadi.ng cause of death. Estfimtes based on the 1993

Nat i onal esdazdtesh overt EGQ/meiios igags\uitey friopudisenderstthattmightibetlisyidted bpeen

di i L9 of .t . S. ..at i 6. 2%
7504 > cheipled 2t abotGolseis BROULE Sn Pl Brenboliobm, Refitrzs 1325055 a1
esti mat educhl ilinessdd ARNIdE! Yor28mplO) detdiot£4R81aP (diéaRld] ddrBvifiude &isdabdd ON

persons in the United States were reported to have this chronic condition.
| n addi t fighsteh astedponesisieanearnaad bumsi dence rates for diabetes, it is

timated th t 625,0 i abet re_ di d h ,
"hcl udi ng 59oBUBCERCR TR Rt A (R MR Eo SBEPUOGERFS La N D)
and 30, 00418 88 BSreor bASHbaRdIRRERU R sO oflitaleleBSs MRLkA-idRnlddPdMpeteser SONS

with diabetes are at risk for major conplications, 1ncluding diabetic
ket oaci dwslldys isndlistagcharetaized by elrsacd Hlcabigluose atd the pbdehge afitie anput at i on.

There arg al so.a host of less directly related cqopditions, such as

hyper t _en@?lmne ﬁfé%*i‘lfl; @h%@&%?f BeriprerEr ol iy laﬁu%ﬁ?lggég@ea%f 'E‘F_ect i ons,
for “whi choBRhe ?ﬂk%li}‘l‘b&%@%ﬁﬁ?&a@%%@a@énc@%%@%@ﬁd‘h& '%%H??féifé dré bt 10
Wi |l e nedications suCh as i1 njectable 1nsulin and oral hypoglycem cs all ow
di abet i cable o dbisurb $ugagiom the bloed sseaneimaiormat feshibhj ard thagxuesksugher, after

heart di sease, and cancer i abetes is al so very di sabling disease,
because FEHTELESIA %Bloﬂ‘ét&t‘eﬁ??l e‘%‘fa%’obsl%ggluc‘i’%\ﬁéwg%qﬁlsg@ﬁé@gh to
prevent L N0} ' e YV A P ting
Gammge. t 5B IIBNFEVERR el ot 388 sPA 988 ofep Emsild BicRELS

f unct i onak nflusnoskby miessungnertnsiblotd sger.et i ng pancreatic beta cells through
islet transplantation has been a | ongstandi ng therapeutic target. The

limi 43 ng fact bRSIF fr¢ AV 400 niHem djadetios dn thewosl; tpdayy Digbelss is opewfdbtr ce
N > o . : ce
chaver oo RipAPAEEhS Becalal HINURRe SEUEL B8 RLERENAR BF 026 T "C)

al., 199%gtimdtes\bred, ors tgnl$93cNationdd Hualbllatsvied Sureec AVHISY @dicaR thaw
availability of donor_tissue, the_ variability and low yield of islets

obt ai nedighdesthasheen diagsnseddnd % pbthed$npepwationpesiiisivears, 83kugethopat nay
f . . . ; g
2567 SR dorehtfart uh 18 HREL AL MAERR, bl FULAUER W B Lethael] -

and current concerns w th xenotransplantation using porcine islets
(reviewed by Weir ~ Bonner-Wir, 1997).
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25 As a further exanple, stemcells capable of generating bi20ddngay2605w0ul d
al so be of trenendous value for treatnent of several diseases. A nunber of

di seases_or itions result frominappropriate |levels opcrhRGRM €
functi onwg)fuzﬁ%%d pl atel ets. For exanple, "thronbocyt openlijas" are the

result of an abnormally small nunber of platelets in the circulating bl ood.
Thonbocyt openi a can be due to anti body nedi ated platel et 30 destruction,
massi ve bl ood transfusions, cardio-pulinonary by-pass or bone narrow 20
January 2N@milRliRidR-it e Pard Selesgvery ranerted tehaveshisriromin gendition. In

on the. otHERiarRIosh P FEthEl dIeioREe o i STl Sauaeh gy fAder dere:
" thrombocesd (?&?ﬁé% Easl BPgﬁatQ%}%é)&‘éQﬁiaﬁgn%ﬁﬁi SRAKRE! Bich@at £35,60Mensepi nonk ow or

hi gh pl atelé uncti on, ough platel et céunts may be nornal . Bl ood
pl at el et singiilén-demuieraddiblintes hellites AVENANM) earcl 30,000radseh exfusswirdeperiantel et s

initiate blood clot formatjon and re|l ease growh f _\cfto.rs.that Spe d_the
proceds ofiabgieneliiys KW%@; ﬁ%ﬁ?ﬂsa‘é’ltbdﬁ%?ﬁ%a’f‘rleft §§ﬁ_ PhEher™ R Ffﬁﬁ 1ils(?)n_s.
Bl ood pl ai:;%gfugh% ?lgar%egi: gong)e?ctiddgg C&ldl RadeN MnaAl §s&bs!CiRbedO refiféhaltiycuaat i on

of bl eedi n coaguf at 1 on.” 'Megakar yocytes are the cel'l ul ar
source of yph@hebet Thamdary iafe far hosta of oesoriitrotie mektedowopdigions,s swchc @k |
which 0 gives rise to all hematopoietic cell _I|ineages. .St uld be

) ) St.em crgl I S .Cﬁ
used to gerpsrignsomeheast idiscass rpsripherabagcular idissrssnpde PEEHPRi 198 WEEab) e
source of _cells .ca | f i : In addition, extensive
radi at i onp?rﬁcét}sé’ﬁ@l &gg%tgse etaggﬁg%g?a%i%%%gérﬁ%é. The radiation is lethal to

the patient's giRrosRAKEIAENCudkRES Gifestile imsllis anCuralehypoglycemesealldv ar e
repl aced by transplantation in a procedure fraught wth cgrrpl i.cati oné. An
d

abundant digbeticg toflivadaegespdinbetesremeiny the|thisd seaiergkiller. aleyhsast disedse 2p

t t ts t | i sh.the depl,et :
i sor dor <SaaPEr ERA By A oA EHEE B EHRL Bey et BV B Blnucel e
poor |y anglpgsugardedidiwell epBuditeseievér sepafiapbedamhiph dnd loongood swgarand 20

sensorinotor functions. There has been sonme success in treating disorders
caused bylenelsywith esstitiingidamage tmidiglkidneys, sves. andiblogd vosselsi ssue. Fetal tissue

h ter gbility to t i dence.jp .t . by ai
a1t ovent rate Rapsshed AR Rl SR E AL dlpdl ot bllaliten ) on
fetal Ui Salifs thibugh {ddiGiahnlnl AchiRT RAARES o ISR URraftublager, THeural st em

cells are capa of difflerentiating into many cell types of the 25 nervous
system Remivingfabtpr isthisappesachlis the avaitablility of an islefsewyre thet issad at i ng t hr ough
the brain and, settli in regions of nerve.cel| at h, . y then

gener at e W@W%&&%Iaﬂg gB‘éféjé‘% gb%eqt mfélb?@%‘-ﬂ%ﬁ hai eﬁﬁeé cgﬁﬁégéé'{r%dﬁgyrl\%? ?gl

net wor K. b i fnﬁes B lkehRm &al.] PoTRNHBRevESdhifickiteat

di sordersﬁérﬁg'%lgié@%%z elptlnéﬁ'tsg [ segegse, Par ki nson?s di'sea_se%_ st roke,

i schemi a, picbitito ospicoate atothe lowjavailaslity adidager tssearthenvasigbilityiandiodease 30

etc. -3 m__ 20 January 2005 W O.(12/12g2 PCT/ US(17/ 21N J7 Lt i obj ect
of the prEiskhet PR 8 QPO SRR TON S Al aasS B

may occur as a result of the isolation process (reviewed by Secchi et al., 1997;
Sutherland et al., 1998). In addition are issues of immune rejection and current concerns
with xenotransplantation using porcine islets (reviewed by Weir & Bonner-Weir, 1997).

25 As a further example, stem cells capable of generating blood cells would also be
of tremendous value for treatment of several diseases. A number of diseases or
conditions result from inappropriate levels or inadequate function of blood platelets. For
example, "ﬂmorhbocytopetﬁas" are the result of an abnormally small number of platelets
in the circulating blood. Thombocytopenia can be due to antibody mediated platelet

30  destruction, massive blood transfusions, cardio-pulmonary by-pass or bone marrow
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i solation and propagation of stemcells fromvirtually airy 20iJeasuaryt2gps.
Such stemcells can then be used, for exanple, for direct transplantation
or to produce_differentiated cells in vitro for transpl an i.on.. Jhe

i nvent i ohPd4¢¢dFdi ngly provides, for exanple, 5 pancreati cﬁgir.{yg'ﬂézﬁg{}i c stem
cells that may serve as a source for many other, nore differentiated cell
types such as pancreatic beta cells. Advantages lie in obviating the need
for physical dissociation of tissue in order to obtain differentiated cells
for vari dasuradesn mabignatienfitragern, aplastioaegrie ar drenradiarauci bi l ity and control

f th Wth respegt t t] | ful. achi t
requi res TREOTPIPEISHE, Somdrsertinea i bandarome st or ABL wgis R gyt ™"
i nsulin- %ﬁﬁ@ﬁ} irr{},gorﬁﬁ&&ftﬁﬁh (&' H16 QI RErdENRANE A Rereq BY hﬁﬁnﬂam{)%@b't on.

0 é I'nventi‘on T

Sunmmary e e present invention relates to materials and

net hods fiogh platedétrfungicnydstonph phikdlst qounis npeyyphel recrineh Blaxfd plafeletd argt em or
progenitor cells. The inventign further 15 pfj;ovi;des. ani ri‘al st em or

pr ogefi t GRawiEsd fop Bisunainiegarce o gomral hemostatis lgtslets piaisdlood glofe | as

met hods | lérth?ﬂ [ j ad he

i nventi o%{)%}rll%tin e§1 r}g&ﬁseetcﬁé O?M%)%%g%%%%mg @%&fgﬁé‘gﬁ %agﬂériﬁg% adher ent
popul at i gotetially egehig etherdehdtibnwhBidodidatelets| araisitcuddimgtce BOHMat prateruninle

f bl bout 60% 70% .80% t ferab t 90% . In 2
preferanlly Sooul 0 o ooty IS pelstebly abou aovpen 20
ani nal 'cg}%i%r scﬁ.{rgé §§ﬁ9€e¥ tsaan'aeaﬂgglffoﬂ{'a 9&9&;&%&9&%% SO o 2811 WRdUe,

srupte frec

which is p anitcal or enzymatic neans. so as to yield a cell

popul i@t i GiveahiseRto aN Gedeportic celdiheapps Peogeils couldbebed torgeperefearctied
enbodi nents, the tissue is human tjssue. The anima] tissue ma%/ be any adult

or enbr yonvira pseawd ba implantad to Bravidsarstable savssect cells capapleof RECI8 1§ ssue,
liver ti Sizﬂel smoot h nuscle tissue, striated nuscle tissue, cardiac nuscle
tissue, B %efs’rssue, bone marrow ti ssue, bone spongy tissue, cartil age
tissue, Liver mhizg8itn, Banirahdiation dietdpytis 6sedeo trepireay dahsssieThd hynus
tissue, tonsil tissue, Peyer's patch tissue, |ynph nodes tissue, thyroid
tissue, epdiddomisdethabtoube pattentis sndogssous bongmastoaneemeekls. sowaenthietiese t i ssue,

| ung t.issue ascul ar ti.ssue, .endathel i i , . cel s, er
tiaus, 36 feplies b HaotmS B Rt e E E cobBOMORE AR b BARES]
tissue, suBhly dftepiatdgofiivdtem efilsa0lHesed QR rbpearedfcaddents BEEpILNIL iHe218" J7
tissue, largé intestine tissue, adipose tissue, uterus tissue, testicular

tissue, alepleteaiendogenmis cplfsost ate tissue, connective tissue, ‘endocrine

ermhod rents. (e et A ke By AP A R Bl AR GBS 01"

i ncl ude %%érﬂ%raﬁé E6 bl nebd FRUSoRAUSERR S iHESA#ble Bankey 18 lbygditice & | chrent
of stem priogeni tgr cell's fromthe original cell suspension obtained from
t he tdoss sensosinattot Amstiomsh dlnerellpe beeh sombsuccessiin trpatisizadisasdsrs cansad by east
about 1000-fold., In.certgin ferred enbodi nents, ,the cel]l nsi on
derived fieb¥f m‘”&hit’fﬁﬁfﬂ?@%gﬁétﬁgelfvﬁéﬁsqer g'lgﬁalswethﬁs 5%6#)%%&%5% or
prepar at ioil WiieRBY i tHE hdtHCoraidYard differtQtidté! TS theppfiphibRr RNy @, oM h

f
factors i ncI%| ng epidermal growth factor, transformng growh factor,
hepat ocytiowewans dbtaiantgouffidieny feitl tissue tyrdiffichlt nd presents makeathical nhi bi tory

factor, | lin-1]Kk rowt h fact tel et -derived Wk h tor. Th
o1 ogent  GROBERS. NG ST rr AP A REp AT dHTuobes G o se) BT of Bhen |
al | owRd LR-ALRIERA ok HAblE sBESRTP s delleadcapitle bPmiitABIughi on and

t akes™on ‘a non adherent, floating characteristic. In certain instances,
t he progethe brainard betfiimglih sdgioms of aervetvolidesthi Sudetdils spydhersgen®rate ptvénot ypi ¢

characteristics of the progenitor cell popul ation pr.ovide both.an
Cnal st | gier pRotASs e i e Btiihe Rodapsh oI SRrE el i thE fa

St er n/ pr @GRl i 4 J coRRRUEH toUbaPidis¥iRbts ich B RI il s plch ) Patilesh 5!

features Ich nma e to enrich for the steﬁiprogellitor cells. 20 The
i nvent i ondifeas¢, saokerisohetts taambpdpinaieoidaniyies,ainage frgmcinfdctipusliseassd

Nestin, for identifying and/or enriching the popul ati on of stemn progenitor
cel | 30 TH&Ci nvention still further provides for derivatives of these

st exn/ progeni t or popul ati ons whi ch can be obtai ned under proper conditions.
The stem progenitor cell derivatives nay-express a marker such as Pdx-1,

gl ucagon, or insulin. 25 The present invention further relates to
substantially pure preparations of viable pancreatic progenitor cells, and
nmet hods for isolating such cells fromessentially any tissue, notably
liver, nuscle and pancreatic tissue. The present invention further concerns
certain uses for such progenitor cells, and their progeny.  n general, the
invention features a cellular conposition including, as the cellular 30
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20 January 2005 WO 112/t2~s2 PCTIU SO (|21 RJ7 progenitor cekbsaausyeapsabl e
of proliferation in a culture nedium In a preferred enbodi nent, the
cellular_conposition has fewer than about 20% nore prefepaphyifemer than
about 1098 %4dét*2preferably fewer than about 5% of |ineage conmitted cells.
I n one enbodi nent, the progenitor cells of the present invention are 5
characterized by an ability for self regeneration in a culture nmedi um and
differentiation to pancreatic lineages. In a preferred eég)sgtdi_ nt, the
progeni tor cel IIsisanebjeetiofthbpesens inyention émpioxtde Smple mathedsdat ih¢ i sl et
cells, e.g., (3 islet cells, a islet. cells i SJ I ~ d.8l et

cel |'s. SuéplapamaneRiopes 8@@ﬁ‘ie’fno‘iﬁhégﬁ"l"é"%@“’ﬁ@“ﬁ%ﬁ%@?g? ?ggggtflrlll dgg%tai n

ci rcunst i arfltBtiéh &fto pestoe aifturentiayqae
transcri g‘?‘ﬁgﬁe%ﬂ %%?t%?gﬁéﬁélﬁ’oﬂgge%%’%ﬁﬁnﬁém genes) h}sqch as PAX6; PTF-1;
hXBP- 1; HigHs@enas( o} rramipldntationt SThe siveatiby aecoxdingls rovigesufansxagplgs agon:
and/ or neuropeptide Y. The pancreati c progenitor %el | s Ofth rhgloﬁ)éesent

i nvensi orpanaieatir 3bd Bepadin seateedls ithal 40ay,SCBie RS BTG o8 1 R s%,’ and preferably
to a plant. ] i¥ bk ANNGvaASSLLié T SbvidtthgCBe t ai n

pr ef erredélgﬁgec?)lé'f’%gr??gWé&gﬁg?eﬁeﬁ%wggﬁcgﬁ%xg%esg%PDXI MRNA angd#pr ot ei n,
15 e. g., kuedFRGShwinat disgciatiod ofitissueapatetcodbtainfdiferentidted ¢abls fomyasious

| ucose-responsive insulin secreting cel)s. |n certain prefer
embod rre_nmsgfs), anddhp pefgatial oy ereaten rgpwgﬁwgé@’ _ 0%80%581920%‘5@% pr ot ei n.
In certai %&fe{cﬁ{ err %gef‘ﬁ‘g?ia | E[ﬁ:@és%ﬁlltagﬁef?{iﬂaﬁ?é ks fR!difer@XtRrandDXl , G ut 2

and staint nventron provides nmuitiple nmethods for obtaining

pancr gaf | REAUSDicoae-sarligs inshiin-ssueetinptmti cablstfront wreexpeindabia precaisoni ned
by propagation in a non-adherent culture. In another enbodiment, the cells
are obt ai pemhlat®mon- adherent cells (NACs) arising froman adherent culture.

In certai Ereferrg& ienbogi nents, the subject pancreatic progenitor cells
will hav IEIRR £ ol | owi ng characteristics: (i) able to grow in
2-5 percent fetrgl pARemdhfentibh tlated i thaiihle ahd ngtiods for obtdsmge, e:g., no
need to use matrigel; (iii) no statistically significant .induction of cells

to prolifarbataatielly piukfpopelationstaf apivest steme ot R@EoRitor calise (15 1preisy cession
PI 6176) at copcentratjons up to 30 . £Rbed} t he
i nvent ohp?oé{éf{]eﬁraggn s?ﬂh‘f’%@%ﬁﬁ“’é&?mﬂé&r@p&bﬁsl ?%%E?lﬁﬁc%%u ?(rlleg as tg%gg E%H ul ar

COWPO”?”tasﬁeﬁéHéBPf%ﬁ%hlde Mrﬁpggﬁuhgti on of viable pancreatic 30 _
progenitor cells, which progenifor cells are capable of proliferation in a

cul t ur e medi unin a greferreddnbieimentyhTysngD movidess gthod FOURSPEIERY7 | n

general , the preferred pragenitor |l s will %m' Li.QkN, €.39.;
cells i soﬁlﬁftsg’élmf{lﬁ% DBBT' ?rgntsRPcPHfai‘Sné’fﬂfﬂg&W? rfc%g.?n a m '%?glt@ﬁsﬁgbgﬁv& ne, or
rroma r3Reoen lﬁofégﬂefe&*bi SHouBb®/4! N®/4C80% of Hidstiprefepdtig siout 90%spia Tel | s.
In one enbodf ment, pancreatic ductal tissue is isolated froma patient and
subj egd edcéreaih bmbpdiessan, thegtopokition of prhgenitas celipisobtaireddromenEpimg) cul ture

of pancreatic prqgenitor cells (or differentiat.ed.cell s . .dek] efrom.
Gene repl Hevweprelgrbly appammyalian qraan o QfnpTd I%Iﬂtlsc%ﬁ?’ @glglﬁvdégqg%g%? he
isolated cells. ,E,i’g}&?ﬂ | HaHQ deh®opflafibaivhitanaslufatdt dast or into
a second (?g%lénﬁg%li%étﬁ : ncgﬁ%t gérjai@p}g?t, 1 hg_’olbnyénti on features a cellular
conposi t i efie pRpRhitor cell, Iapreferfed ensddithents,fbptssae ischwman tisseesThesawmel hough

f bl t | t 75, 0 ‘9599 . it 4l d f
Sel f T egetieniniands smiadulior srEYRts rsre ihERe. pibhorare aSyERY pRRRERIS O on
f eat HoeS Oﬁisé“u@'r L{g{:ﬁ{ss&@ %83{#:119&1&@&%,%&5&@91 ﬁ?ﬁ@iﬁs@%' drdihic masclé kieswee! | ul ar

popul e pancreatic progenitor cells capable of )
bone tissue, bone marrow tissue, bone spongy tissue, cartilage tissue, liver tissue,

pancreatic ductal tissue, spleen tissue, thymus tissue, tonsil tissue, Peyer’s patch tissue,
lymph nodes tissue, thyroid tissue, epidermis tissue, dermis tissue, subcutaneous tissue,
heart tissue, lung tissue, vascular tissue, endothelial tissue, blood cells, bladder tissue,

30  kidney tissue, digestive tract tissue, esophagus tissue, stomach tissue, small intestine
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self regeneration in a culture nediumand differentiation t@opangarg200%

| i neages. For |5 instance, in certain enbodinents the progenitor cells are
i sol ated from pancreatic intral obular duct explants, e.g.,4 by
bi opsy; Y ¥%}4% he progeny of such cells: Several aspect spd({?ﬁt"ﬁgﬁlg?lventi on
feature a nethod for isolating pancreatic progenitor cells froma sanple of
pancreatic duct. In general, the nmethod provides for a culture systemthat
al  ows reproduci bl e expansi on of pancreatic ductal epitheliumwhile 20

mai nt ai nitiege; Bt grvediessdsuarndifohetisie) uteyps tissudi festequéaitissitee 0YHIAY tBRgCr | ne
and exocrine cells. In one enbodi pent, .Fancr eat'tec ﬁuctﬁlta&ssge LS treated
Wi th di g@sestaieliaNsysanEeqiEye Bisei BR 0510 HPSUS AFREREIORSSUpHE 2 8P pension is
cul turedu%r{%ﬂ?capﬁgs-ugdherent culture vessel in the presence of various growth
factors. Th certaln enbodi ments, propagating cells give rise to spheres of
cell's that arencapibb@bodintnfs theeisticaisiampninetuwnal aninel tisangywhish d@Es cel |
types. In another instance, pancreatic ductal .epitheliumis ohtained, e.g.,
by expl anet iveludnbraiaer @enmabww&ﬁrsysfawdl%m-t%ﬁ@&ﬁ%‘k’)a@ﬁﬁflf?%%é’. The
confluent, cel|l popul a&i [ ' t 4 r.ephi c agent
such as 5t65? nggmfog(g? %‘Jf ]?Qmmﬁﬁ%ﬁg@gﬁggg%ﬁm‘ﬁf g%?@gge?cﬁﬁ ng%&pnrsggee%iat? or cells

in the cyddtdedt PORBIAHWG horSplseableid dijeaspatmgebddlbfoléel | s from the expl ant
that proliferate in response to_the )a):gent are isol ated, .such,

. 3
di rect nechanileegrtaie peaferredambadimenisyihe pell Hispeps oy F%#PPWE‘S?@FQXf ? he

explant or b 7 Jan di ssol ution
of "all ofSisendires HET EON RS pitiehAleh T b eI BE 4 Lot
Proggsi t Qiimbel bf dEREhAoMh fadtors Bichaiing &itkemtialgoth factee, wanlsfarming s
contacted with a cAWMP el evating agents, such

8- ( 4- chl erophdastbt, hepitocitegrowith éactr; Bbroplash gregaﬁ%fahé%%ﬁa%i%iﬁé@ﬁfﬂ% AMP) 5

(see, for, exanpl Koi ke Pr.oe Neur o-.P nd Biol. Psvchiat. 16
95-106 ( 138%) ;}Eu%ﬂ*-Ewﬁgﬁgﬁ#ipﬁge%ggﬁg?%@%%%'utyI met hyl xant hi ne
(1BM and cholygegydsukittr &e‘ﬂg_ﬁ)g%ﬁibhﬂ/i&ﬁnﬁie-anj}nalNem‘sﬁE@ie@dion R3hd Al Eowi220

i

(1992)) and 8-br ono- cAVP, utyryl - . CAMP and di oct anoyl -cAMP (e.g., see
Rydel et taprolifas i8shelpesencd oBBE growth faciex pipylation gud tAKRE N aPAR- cul ture i s

Che. o owerbnest el Garstrane- rarangroti bohe OB P plplagte (o
- EG, HG:F‘OBEH&? ic%ell\égﬁﬁ'es.lfh@ﬁgﬁbﬂbtyﬁm%aﬁﬁﬁhﬁcs dthiee propwtiforcelttor is a
the I (-sup

menber o erfainily, preferably of the DVR (dpp and v_gl

rel at ed) pbamlation pevire, boRMvERindimtion tHRVER. cellsuspensian hasdhAsemicearicled inhe
culture is contacted w a steroid ar corti.costeroid 15 . for
exanpl o, g rBiBsesaEol eIy d el s OB PR byt Jelefnic

pr edni sol I 8Qlseneprdetgiddticenge, triancinol one, dexamet hasone,
bet amet hgg%ﬁcee %g%gﬁcﬁgﬁagone. prsoge, general |y, The Merck Manual  of

Di agnosi s and THedneqyion Fattlrer Bovidgserta3narkers.inelnding 45kit, Sspend Nestitow et
al:, eds., Rahay, N.J., i 987)., 20 In..a eferred enbodi h ul tures
are cont zf@ﬁ’éﬁn g @@AW@F%&/QFH?Q”Q‘&%B?“MWH%%F gﬁﬂérﬁn 638% eroi d or
corticosty IIMerﬁagtgvides‘%E Bert REivEX ST thOGKt R brddsiedil fopilatiehisoHich ki B&IOt her
aspect, the'rnvention features, a method for "screening a conpound for
ability tobtdimduiraleepoper @mdgionst The peol/progemtor osl] dexivalives MY ¢aresmei at i on of
progenitor cells 25 obtained by theuﬁubject met hod, including: (i)

est abl i sHR#gerach 35 Pdx-d dZlHeARIRa®Y HITUBR- pancreatic progenitor cells; (ii)
contggting th ‘ hdsho QutssPibki ardidgls bf Vibble

dete %i ng onee%@%gg%\%{ﬁ?&g%l e%r;rf%n,oand/ or a%f?fmg?g%ti ation of the

pr ogeni t granerehticprogeritee cpity ahdtrietinds freisalatimgsush atlisiorg ghseptialiymiyf i cant

change in the extent of one of growth, .proljferatiqn, apd/ or
di f f er enttisses, satably lives rp\&@&f‘eﬁ#@elﬁa&f‘»fetﬂw‘eﬂgsé‘gt le%H‘ﬁB?PEWFBﬁ%‘% ﬁ’&@e%o to the
extent of one of gr ' 4 d Lok bRy entiation in the
absence 0%08%%250 (ied%.u? e £or¥uBh bic‘oeg'éﬁ'i%roc%lls,aaﬂg tﬁglr ﬂb@ I@" |

In general, the invention features a cellular composition including, as the cellular

30 component, a substantially pure population of viable pancreatic progenitor cells which
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20 January 2005 ~b' O 112/121;2 PCT/U50112.t8')7 test conpoud Jangarg20e5 t he
ability of the test conpound to nodul ate one of the growh, proliferation,

and/ or c\ f”%gﬁéi ation. In another aspect, the invention pegaiyshgssea nethod
for treati'ng a di sorder characterized by insufficient insulin activity, in

a subject, including introducing into the 5 subject a pharnaceuti cal
conposition including pancreatic progenitor cells derived by the subject
met hod, or differentiated cells arising therefrom and a pharmaceutically
accept abl progaitar eells | ave praplele r efd peaiferaiionenn & culierepmsgiant-t okt &IPS e

derived t .d whi cl.i I I . Fent.) , d
expanded SRDIREE: dis SHHGF SRR LouE s BR Po TP Ry ok PRLEERE L T

Figure 40,1 Qﬁo@%j’/& S{osfg}ekéﬂaﬁp Qe RIS SN BRAgd@®misftkdicells.escue
di abetic mce. Tn a'prefterred enbodi nent the SUbE ect is a manmal, e.g., a

primate, e.g, h haarmbodirasmy Hhe progbeitarede ithenpresend  d1velieeralfs an

i nsulin dependent diabetes, e.qg,.type |.diabetes. 15.ln anet.her t the
i nvents oang'FWfiféé byi aFlff’é’FlétﬁtfP‘éfgql%#éﬁ%ﬁ?%Pnf Brd ﬂﬁﬁﬁ%ﬂeﬂﬂlm 811?# g?eé%l}q}%gg |ﬁon of

progeni t O{o_ I%?llﬁll'egﬂ(ll Bhe %gkf iz?ﬁﬁp?éfbﬁéc? OmBad R kL po8E hitdr HRRS ard iRd@IIBle to

enbodi nmen € rnventi on. conprises a pancreatic differentiation nmedium

conpri si ngifRreaiMR iglceyaictdatic agendells RYY., nidlef edilsl obislet nallss Sriglket cdlls, pr eferred
enbodi nents the nmedi um conprises forskolin, A £arti égl ar | él ef eré%(i
pancr eat i tsledi 64llsr enSheht | pARCIPEHE UPROZBIEE NHRlSs d88Ya 1D LRLRCBEZ IPo FERBRI n, at

| east 150 .ng/ m_PYY t | % f - |
hSpect ARG b 1y SoPiERecaf g ooy ABnREBtiin fp8 taicpn
pancr gat i g6 kudly RESTFLN BAR @me@YistEints PADES; It hKBP- BHNFngangs(s);

differentiated pancreatic cell types conprises obtaining a cell suspension
from an awillim tytisssuydr@glaseciasuling sleeages) andisgisarapeptidsyt h Bﬁﬁﬂﬁaﬁcf act or

tion, allow liferati f_non- . . :

Cai 0 pr ol PRFAESQoTEre b e PETFCEN PRI (A tat (o s S g o an

adher ent g@ﬁﬁ@éiaﬂgﬂ@ﬁéxaﬁg}f{b £ 9Dt tdcARSand@BrAstBRIALYY 1€ pbdrfut agdimtinint dnt he
gi r

matri x an eto | east one differentiated pancreatic cell type.
In pref er cathie pixdetieteerhsodimentyethiet progerdtor selly expoess ABH npIR M BPBIORHb 4l
human tissue.. 30 In preferred e di s: ..t he owt h ) atiaon
conpr Fsese8ndydAGR sEtEE dipkare gap%?@@f%ﬁlﬁ{?gpglgﬁ%@ %C%Jf%%%@glgé%%%@v zax~7
fol I owi ng..eni ! L PEmbOBRehts! hepedleaRbr &118\ekPresoPDMN and -
hepat ocyt %ecg%%%l%tec{?ﬁg&%?%?%?’rrégﬁgf o_rlﬁ’i ng ger gwt h?%éct or al pha?j insulin-like
growt h faghe? MRNAGndGsoteim I tdrmigpehrtedfeaatiodiments, trprogeriFudsllopxpress

i nvention Be_rm’t the formatjqn, of both exocrine and endocrine cell types.
Exocrine & Pﬂl,@%@ﬂﬁﬁ%}”&ﬁlp}q‘%xpr ess carboxypepti dase A Endocrine cell

types may inclyde iﬂlzéh%ﬂ%f:ﬁfsﬁgé m&p& fréhods ,fbﬁﬁb‘ﬂaiﬂ!n%bﬁﬁ&éﬁidﬁﬁro@eﬂﬁh& and

somat ostatin expressing ent matrices of the nethod are
pref es@bl yellmt Th ¢85 cshoduaent] tencealscarcebtaned dbgl propagatioany pnet-adzdsent a

O O Socer S T LBl ! T iRty LINERIACH
produci ng ah?ﬁcig lfrio& I el GRRGer €9ul ated manner.
In certain preferred embodiments, the subject pancreatic progenitor cells will
have one or more of the following characteristics: (i) able to grow in 2-5 percent fetal
25  calf serum; (i) able to grow on plastic, e.g., no need to use matrigel; (iii) no statistically
significant induction of cells to proliferate or differentiate when treated with TGFBS
(GenBank accession P16176) at concentrations up to 30 pg/ml.
In yet another embodiment, the invention features a pharmaceuti:al composition
including as the céllular component, a substantially pure population of viable pancreatic

30  progenitor cells, which progenitor cells are capable of proliferation in a culture medium.
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lo Irx a fiuther enbodi nent, the invention provides nethods20fanidarp2adHg

gl ucagon expressing cells, conprising propagating a progenitor cell in the
presence of 15f KOSR;, and differentiating the cell by con i Lf- With an.
adher ent WPH'242and a differentiation medium Under such %@ﬁ@%?ﬁ%ﬁ%{ t he
progenitor cell gives rise to glucagon expressing cells. 15 In yet another
enbodi nent, the invention provides a nmethod of obtaining

somat ost ati n-expressing cells, conprising propagating a progenitor cell in
the presence ofy gehbra@ne ?féfér@écep;b'gaﬁioﬁgelanilblm of thymentitmotigingeigt. calis h an
adherent matrix and a ditfferentiation nmedium _Under .these conditions, the
progeni t oisoleted] fragh wawimats suelo 2% 8 kEres: oM BIREESWIRS, Q& ITFQn adFmnsgiie

anot her enbodi nment he ncreatic bt c Iy :
11 o ent ARG s e SRRTREE prdzeRl 87 SR GlIsCH bl BRBOlMME AtRate |
cell's; b gghatier! dsSsolfled Trdrslaebatiesl dugl subjtefaqoend pieseriansthod it onltuted into

the subject. The practice of the present invention wll enpl oyf, unl ess
ot her vii sepioniticcateadting onlantaf pansreatischragenites ceis (oe Hitfassewiabuhcells dlervedul tur e,

| ecul ar _bi ql ogy, _t i ¢ 25 bi,ol i i i ,
S e PR Pt Brsapienf fr oHE: S HH) Rk o 80 ONR, ARRILEONA,
descri bedisb%hédh&ﬂlk ia&e{r%sgﬂﬁﬂecgsﬁok gy teXanial Bondvjatiemtl @if infd @REPA host

, ©

Laborat ory nual , 2nd Ed. , by, Sanbrook, Fritsch and Maniatis (Cold
Spri ng Hapdiieat.Laboratory Press: 1989); DNA doning, Volumes Land Il (D. N

d over ed., ,1985); digonugleotide t hesi M - J. i 1 984)
Millis et al. Lﬁ@noﬁ%ﬂéﬁ%"?’ t8e URygntion g%@{fisg%?‘ﬁ}%ﬁ?ac8ﬂ?°§?‘?‘é cﬁ&gjéllslégzéag%% on (B.
D. Hapes 1ardpopHABhN St & ' ore peferhBRUA! YeadD05, B0 1282452
PcTrrsrrﬁﬁasgérlnﬁjlar’a%oé’?ﬁQ%?i Bt 968t P96 o Lé%}%%}nor?ég D. Il}luanqsea& S’ J. H ggi)rgus eds.
1984) : Czpiogeiiitr Cllsaidnaabatile bif self-Rgeneratitmeishimgiiureshediu®.  Li ss, Inc:, 1987);

| mobilized Cells And E~r~yrazes (IRL Press, 198? . B. Perbal . A Practical
_Gui de To Mol eciay#rancthssiaspects g‘ﬂéé“,’e"tt’ﬂg é?tg’ﬁtsias%e, BRSSP RAS ooy
(Academ c_Px n X : r sidYersmelchgdnlet | s (J.
H MII eresger’\rgﬁ’m Jlg &nge&eY%&r_g%%gga@,a@g*{alg pgf)@%\tg %a?rﬁ lé)}g}: Labo% g ory);
Met-hods | gelfEfep@nsiainoin a \daltare Abdivanand BHfetantiabion & pamateatic, lineages. For

| nanzzar zocl zernj cal Metl2ods In Cell Arid Ml ecul ar Bi ol qw ( Mayer and
Wl kebs  eistancescindesriain mmehogiments dhs Pragegyps CFE% ' 'eﬂ???éfA %{%’é&ﬂ%ﬁr&ﬁ%l

.. | mmunol ogy. I | ] N . \\ei ﬂhg?lf | : . 986) ;

" Mani pzr | gﬁ“ﬁé%{"%gﬁ ﬁff)tl%glaéﬁgbfz'ybfsg%béd(b%gﬁ%&iaﬁg r%%%&fgg%}zﬁeg%y PZ_ €ess,
Col d Spring Hagb®kal Mp¥cts dO .invantien featatainemetiod fdvantatige pantreatie

i nvention w I | be apgar ent fromthe foll ow ng det aa]:;l ed gtﬁsgrlcglﬁ or}, and
from the progemitor celds Epmerisanenle of pancsrntis duek JRiespral-thepethed Pravites P gf

ancreatic ,ducts. The.cartoon.i L : i i ucts

nder - ot by e Asa AT Bhrbaisiiis 8o pRIGEAR R Wiieliubd Enile I
di ssogq at glirtAinkelsREAARERs nd the Abitindtclditfrdntiam tinto aldouds: otk @iavede by

handpi cki ng. C ean ducts were placed in culture on plastic. Wthin 3-5 days
a: nonol ayesllswds cobtesihodiment, pancyastie Husiahtissum & Ested with digegfavesnzy@ies to
produced upgn exposure to. ui ind i i QWM ) nis a
series of P uﬁ%%t‘%’érsél%e?s‘?ﬂt)v\#ﬁegg'f%é‘ys 5@%&1?@%‘%% o?%lgg\égtdh ?g%fg?%ﬂ and

purity. Thgsséllihshe P?éé@ﬁce&f%iohb @rdwth Tadtyrsdilg esttainansbodirerts quopagating |
shows the result of the first round of handpicking. Note that there is
still sonecliscgiverisatet sphgrea vbceilnthat irg sapablopt differenbating BiRIa MadHERGE Of

| ectjon, .the duct f f both isl at : ' i i
> Gupt ur eelbiies. oo RS sl rcpepprapt i op RV BYoigliod, o35 e 97 ©
series of osiAgheudUsibsstion, Gl tlieed 1o ebifliERcs e The oaflierg delQopulatidayis f i ve

(TS) in culture. The upper panel shows exanples of Cy3-]abelled
i Munocyt oattacted aithsamagenige gara trphit iagentavghta e gondh facten | Whisl kausehe

mbi ned Qrjghtfi.eld.and fl i AL TO re .
Coul | e eAiREdatign o8 PREeny FiiR 15455 oo porfiich SShReRET A8eeniissi ns 1o
di stend agghdfiShnhe kplal thit broliEEhteSinFBspoRse {008 aderithee isblatéd, such as by

30  direct mechanical separation of newly emerging buds from the rest of the explant or by
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20 January 2005 ~' O 112/t2-1;2 PCT/USQt/2.tii97 periphery. BOdanbay200hg
cells are present primarily ai the outgrow ng nonol ayer of nesenchynal
cells, vbhﬁ g&zductal epithelial cells do al so incorporapeTBstihigmot
shown). Insulin-positive cells energed spontaneously fromthe duct over
time in culture, but their overall replication rate is slow (not shown). By
TS sone nonol ayers contained sizable clusters of insulin-positive cells;

typically these contained 20 cells or |ess sw."%%ure 3.. The g%lget _m)ere}1 I0 yer

expr essesdignleton of i gy amoriin elibe enplrptand Bl Bplatigh of e BIPF
both insul| d anylase (B). Panel Cis a conposite showi ng that sone
cells exp%ééfs]%éﬁg%attﬁﬂi nsulin and anyl ase. Two norphol ogically 10 distinct

cel | types arehpfee@mntmbbiiasatd, ket cudiues Bdivareted it afdAMP elavdtinghgents hat
are sem -adherent and round. Arrowheads depot

y* d i ~adh |
RS A AR S e SR A I USRS el el

for gl ucagon tﬁngxm KSﬁ}%eﬁIthﬁ!e%o—P%{?&og P5hachl. lafid BigIO i e16590%H9 that
one of“th E}I t gorPB’rlg Cerrs al SO EXPr e5S€es . Pane shows a
conposi t e(@bH2h5 CRICLAMP, PEfsiolin NE-Batyeate,y isopligh mhethylnanthine (BMIXC) and

stai ning. Arrowheads indicate cells that express PDX-1 but not insuljnor

vi ce ver sehol@h tanie (spe Magtingt 2hddiNeurabiol. 78| @ﬁﬂ@goﬂh@%’éﬁ'%’&@' he

non- adherent cell C) Lt vype. i . phs were
oken of - GpprrsaPar dedfior SAMPR SRR o PUASSS BORLIOgEARDS Els
FBS for five dayserti idmtddaletgntht waRtrerananticed with Dpicathdastof @ oas were
then added for an additional 48 hours and the cul tures were photographed.

NACs Wwer endlogemy giowih fablorcopdihe gawth Rets)is scleraddronng e sUSISHAE Obr e

g ol @ aT B E- B g Bedspropdn G icatps S IR, ARG 107

TGRI3L (16,0l mefiteP Wrlnk TG Eg;segfam‘ﬂsﬁ, RiRRAbRS of iR BURE (& addgl

confl uent “nonol ayer and the Arrow olnts"'to a pair of rounded | oosely or
non- adher gsited)dhinily, e BNGR antlorM¥P31 treated cul tures al so contai ned

seni - and non-adherent cel]s. However, the pharnmacpl ogi cal cocktaijl .

‘induced, on avhyegytain ﬁmbpélé‘éﬁm%lh%?‘ﬁmﬁ%i‘sec%%ééedt aeﬂgqm@t?{eqm&c(?ﬁe&fql?gﬁs

tried, . Brgdl, pulsi e inent tr 1Qnkf efnabloesktiahsk, a

“confl bient ghr‘rzll)lno‘%’sélyg(r(ar e%%ﬁlggerﬁgw%ﬁ?%éof&él%%hyedég%dgﬁéryg,"-12 ° 20 January

12005 W O pAadit2bae, PaldthihtedhRolofie,) 7 pieddisoat,i ngrigmeihelpse,as jenmstettiasont, vi si on

. as opposed to sinmple | oss of cell adherence._The inse iag Pﬁle| B

i 1| ust r at betampthasaye g ReEAmethREOR?- A5 gﬁnﬁsﬂﬁaﬂ Faﬁ“‘[&fi‘# of Diggnpeis gpd :
hor none- cat ai ni | LYy ) g 5 f ORMdE atRiaBRy, MUCs were

col | ect ed%ﬁ?r H’f’[@‘-‘gﬁ'hﬁf’a?@ %ﬁo%ggéﬁgf?ﬂr%égﬁggg&aﬁéwééd 7

i mmunocyt eggigm cal |y for endocri ne marker expression. Cells expressing

insulin (A , PDX-1 (D), glucagon (E), somatostatin (F), ancreatic
pol ypapt |( de ( )G}ﬂ amrefeaéd)qm%@érn@ngﬁ HE§ @Iﬁ&BBTaSWoWgh W§9%@;@g

count er ot APkt o Risgipid & E0RLE SoRRGERATAES, (O ME LR, coptaafl

magni f i cagkRpbed hérBimul i N st ai ni ng. Het erogeneous signal strength was
observed; shown here ate one brightly stained cell and many dimy ai ned
cel I's al ong wi I inathefaaspeas, the invsntipmFeatures, dpethod for; saieARng A CAMAB IR O

e et
25  obtained by the subject method, including: (i) establishing an isolated population of
pancreatic progenitor cells; (ii) contacting the population of cells with a test compound;

and (iif) detecting one of growth, proliferation, and/or differentiation of the progenitor

~.cells in the population, wherein a statistically significant change in ﬂjq extent of one of

growth, proliferation, and/or differentiation in the presence of the test compound relative

or

30  to the extent of one of growth, proliferation, and/or differentiation in the absence of the
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15 bright cell observed. Panel C shows hi gher magnificati on202ahuapji28@%i ve)
of another insulin staining{Cy3) show ng dimand negative cells. In this
field and others approxi mately 40-50% of the cells test i j.nN-positive.
Panel s DYH2/124523nd° G show PDX-1, gl ucagon, sonatostatin Eﬁﬁjdﬁgﬁgg)?ati c

pol ypepti de staining, respectively (60X objective). Arrows indicate

DAPI - st ai ned, hornone-negative 20 cells. Figure 6. Single cell PCR (SC PCR
anal ysis of PDX-1; insulin and glucagon expression in NACs. Forty cells
ver e sel eetiednipoamt dndianckoiie pbitiny af thoresd told@mdan dnghuinte ssedf thogroDNA as
descri bed in_the Methods section. These cDNAs were then anal yzed for

i nsul i n (Bplifesatintages oy differsigi@bx- 1 (D) 25 nessage. Panel A shows the

et hi di um brom ge L i fath 2% A0 ; he; l s of
cDNA product flg’l Fﬁé&ﬁ%{:iag}‘%tcﬁeﬂ]’%a@é’g% 2%89 ?L%O%_{%y ra(r%%g.ng%ﬂé%ge;g %sgﬁélv\s t hat
 there i s Mafdcadrized biyrintdffcianmiunilinodctivitgihiansubjest agpdudiny inteldhcinginth tisome
cell's giving nmuch stronger signal than others. 15140 (37% gf the cells
test ed pomibiacye mhermaspstical porqaitionrnglndiag papereatipaRrogendior s6s dewedslyr 30

gl ucagon, ,and, bot h S e re. relati . - d ; r

el - 148 g B0 9B R Bl S ke MEAERGR BRSO phpmERRIEC

i nsul i n ogkystalanatrids. Slaysfetaatentodinébdfthe brddesitaetdls acodérvedefomlaicagon
nessage, a rpegult t.hat c?rﬁ?el ates well with the inununocytochenustry data.

Panel D shanag sewrae (whish nody alsrebpihexemsplany raticaih andraganiss af lsphan orlgk e ¢ hat
a sl gn f'gfla:ﬂ}@g{ﬁi& FhRR 30 EPlAuBPT 988 5151% b DA O, Viie iRl Qenflg! 1 1 OF

gl ucagon. and ucose resporise tured ducts.
Freshly |gphifsfbndst Se (Fa0d resdue BRbetd tikeed for one week (T=7), and NACs
harvested fromthe DCE i nduced duct culture were all tested for

gl ucose- st i mul It edrefesel i smtsiimenti the UBRES)s an@ammsb @i @ BB G2 tfot al
insulin content. The tinme zero ducts 1o contai ned no detectable insulin by
RIA In CIBWE%st, the cultured ducts did have a discernible increase in

i nsulin cont enjy, o RiherRe@itg QaHOIRSNR ML disbidet ¥ £ TeHiEa6Hhadit \®abetes,
experinment, the i1solat'ed NACs showed an insulin content that was 18-fold

gr eat er thanyphkdiBBies.r eat ed nonol ayer when normalized to a per cell 'level.

In addition, the NACs denpnstrated a strong.3-fol.d GSI.S response, well 15
W thi B the 3. SraoRe T bihe  vearion i Estoiutifa PR AoF PRRDRGES "M <
monol ayer g4; itk - 100 FeBtidted ShineQSR chM R dItaleci UM - .
currents ?lﬁgﬁﬂggﬁoyu%%giﬁﬁagﬁgsggtd;dﬁg?ﬁmér8 c%]l Ci umccu?}?jgnt [ net_ he NAC :
popul-at'i ocsmbddimene the invémicnaoripristsa pamtaetic diffarertiatos ingdluem canprisisgel wer e
noni t ored usi ngi; Fl.uo-3 a onf (i)fca{ m.cr OSCOpXﬂ A IH 2% t.hi St

r epr esent P ealBE 2REHY apd Fefl bosAneertRt O prefimed emboq sty e

popul at i onekifh{d 9@1& oAl d fhntRANOSERrdrfaidrmeSi8m

admi ni st r%?‘?lg%%é(gltrﬁ%ggg}gro t é&ggﬁl:cgmslkg&%%%noﬁpesponse 'fo al ucose. In
ever y2ex painipreset at lapgir2Sxnhiafoedkpli6,- 2 084s0F 5 Otigpmt BY Ysandend) laastid %6 fietal toivigte
intracel lular calciumcontent that decreases with tine; these were judged
to be dyi¥§Bells. 80 cells were analyzed in this 25 experinent. B, The

reversibility gf, kb8l Q%?&(eﬁlgé@&q?ﬁ[{‘p? i A3 MhethSusIB ORIt Bfferehtiattdli S

representative experine e glucose-stinulated cal citun current

coul d be pamsheatc aell typies.hinl dieansbodimeys thPnmshpiiafor oftkiRifg differenfided A second
cal cium current, could then be stinul at egl by readninistratiqn, of 17 nmM
gl ucose. MSHEHE colf THPEE CYNDEHS OOIRHNNG RE Iﬂ'ijlgp?’bsll RS AS%t i on, a

SR 1L !(egesgﬁé:l gléggééggﬁb%&%ﬁﬂ 8 'grm_%&sr orebs i, ARk GRbiFeEabe bEMm
non-adherent cells and contacting said proliferated non-adherent cells with a
'differentiaﬁon medium and an adherent matrix. Under such conditions, -non-adh¢fent
cells adhere to the matrix and give rise to at least one differentiated pancféat_ic cell type.

‘In pfe_ferred embd&i,me_enfs,’ .p'ro genitbf cells are '6btéinéd from post-natal ‘human t_iésu’e .

30 Inpreferred ernbbdimehts, the gfoW’th factor preparation comprises one or more of the
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20 January 2005 WO 02/121s2 PCT/ G 5111/ 2JR97 that expressed20nanbam 2005y .
Panel C shows that 2/40 (5% of the cells contained glucagon nessage, a
result t{y,spLELl ates well with the inununocytochenustry rdatise1@aoel D
shows that nmany of the picked cells contained PDX-1 nRNA. Note that a
significant fraction of cells express PDX-1 mRNA only, with no insulin or
glucagon. Figure 7. Insulin content and gl ucose response of cultured ducts.

Freshl | ated dugct d c =7 d NAGs
N A IR e
gl ucose- s\ fayl ﬁ&ﬁ%}drﬂﬁ&l iR Bkt 08, nGilSlikaprbvah SRR Xtandeisetinflke t ot al

i nsulin content zero ducts 1o contalned no detectable insulin by
RIA In Cth‘aSTatc,tortIheTheuhteﬂmdsioﬂtheursredtldn perwait thedpuansioni afibeth e¥eettse i n

exper | e egtrgoFel &gﬁégr%&s@%ﬁ S Bi BHEOCREP S Ars- ol d
greater tpan.die Pfddeahafmnal 85iAQEATRY, [r2GH leQprRsRy caiebhd | evel .

I n addition str gSfodGSISresponse wel | 15
Wit hin t heynSatbsthidh exprbyssigdetigi Adhereﬂngmrloémcdi‘thedlethcdmrapwfﬁrabls meptigces ML =
nmonol ayer, n.d. = not detectab)e.

. G ucose-i ed cal cium
currents deiveddiom ecgeessens el ding @%ﬁrei%‘ﬁﬁ\ﬂy @ S%O&%ﬂé@?crdéﬁ PP e NAC
popul ati gﬁﬁgﬁﬁé‘ rﬁ%eﬁgﬂ)%dé BE# 258 h% erfti i %Pn?ﬁtloﬁ he m%hﬂﬂ b?od%@ﬂnlg cryel were

noni tore and con oca M Cr oscopy.
repr esent @bt %@ cByRE bﬂpﬂxﬁwﬁﬁg s uﬁa)@lnm@erregdhgcdmmem r d of t he

popul ation initiated robust calciuminflux inr on t.0 cose

admi ni&strati onjn &ﬁd’tlﬁswdlm@‘ét kg invendioppEavides m@&g@%gi%’@ﬂﬁ% @801
every experinent r oxi nmat el % 1l h

intr )altcel F?ﬁpﬁ?sst%i ‘i??]gﬁﬁ oé%g{{sg}gtprgﬂaﬁa&%%% ﬁéogégl‘s?oﬁm&! ﬁtﬁéﬁ%&&nﬁ%@@l%?‘l glj udged

to be dyi ?H &d Jh%‘feréiﬁiaﬁﬁé te c\éﬁ fb? camadtibedwith dnfidherdht mapixrandant . B, The
reversibility of the induced ciumcurrent is denonstrated. In this

r epr esent diffeventiofipe medim. Und@')sucln prndifionsoibe PregeRiiPLectlEi¥ed B 4% curr ent
coul d be %shed out with Crebs Ri nger Phosphate (KRP) solution. A second
cal ci um cEUFRSR? THUSFPEITEN be stinulated by readministration of 17 mv

gl ucoge. V\aShoﬁﬁ QlanbitRr ShbGRERnE Helipvesiod yréwlidiy methde of bbtainimg i on, a
SUR- | i'nked . %ot assi um channel bl oeker, al so stinmulated a cal ci um

current, mmgenm-eslpressmg cel@mmwrgmtwwgﬁza@rchﬂemﬂhmrﬁﬁﬂz%97

different afte |ff ent Stimy [
i|lustrat P‘ﬁ]tglftg %@WPP?%?% EC §7‘§}t§°u6‘g {Wéthgﬁ gﬁl agraphs ﬁFi gure 27.
Aut or adi Ograp Saﬁﬁlﬁ_i'ﬁétfuﬂﬁ ORAs: tﬁédércﬁﬁézh@ﬂs ithe plo@ersifor call kRas fibomt i Ng

progenitor ce . Figure 28. G aph Iustrat|2|g the quantitative anal ysis
of the ausmnadstagnappms.mﬁg@llgure 27 Figure 29. Table showing the relative

pancr &he. devel Spti RO gapebiest epenret oo e EEB AR he bf ndi ng
of certal Qiffe?gﬁtia@esmtté) pﬁf&’éaﬁc it cdfls, RN {5ttt cells, o islet cells,  islet cells, or ¢
islet cells, subsequent to being mtroduced into the subject.
The practice of the present invention will employ, unless othemnse indicated,
conventional techniques of cell biology, cell culture, molecular biology, transgenic
25 biology, microbiology, recombinant DNA, and immunology, which are within the skill
of fhe art. Such techniqués are described in the literature. See, for example, Molecular
Cloning A Laboratory Manual, 2nd Ed., ed. by Sambrook, Fritsch and Maniatis '(Col'd
- Spring Harbor Laboratory Press 1989); DNA Cloning, Volurnes I and ! (D N. Glover
ed., 1985); Olzgonucleatza‘e Synthesis (M J. Gait ed 1984), Mullis et al. U S. Patent .
30  No: 4,683,195; Nucleic Acid Hybrzdzzatzon (B.D. Hames &S.J. nggms eds 1984)
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Figures 32 -39. McrograplLvs illustrating the binding of cegbadanudrgeddFs to
adult human pancreas. Figure 40. Inplanted cells froma pancreatic
duct-derived culture transiently rescue the diabetic state. A heterogeneous
popul at iVe@ 0%6H62i ni ng functional beta cells i 5 derived fidyIME7

non- adherent portion of a differentiated pancreatic duct nonol ayer was
inplanted into streptozotocin (STZ)-treated diabetic rice. SCID mce
injected with STZ becane diabetic within 48 hours. Insulin containing

pel l ets %Ei?sc}r}zgﬁgn M%lﬂﬂﬁ.s?&h@%@cﬁt FASRYS §. I oTisgiabidsl 2884 hCulakodf gl ucose

and create a nore stable environment for cell Tnplantation. The insulin
pel | et waginal O @0 &dFesmexphlae R7 Litaylscp 6887 Mphahitizad illsadndEnaymes days

T11). Wthin 48 h f [l et inp)ant, the. f i bl N | |
Ot hese (i Rk 1WBHs B Carbbot Frastind G o oo S36r T g o 81 B8a ol ucose
to less ”lcgﬁsfc?g{é%a@lfn ﬁi}z’é}ﬁ%ﬁ?}%{ %E]c%g it JEQ?IMEN.'Y?); Benddrisfol Yeobss as

positive% wer é under "the renal capsul'e. One week
| at er s( TI3) Mi@stianan elod. 8. Milaanddd. P aleasls,d@83bld fating Barlways 16, 21,

and 28. Bl ack squares represent, pl bg gro = i ce) and as expected,
in the aB@éW@@fg};Mﬁé@#ﬁ ﬁ,E’tf?WéiOlB%ggﬁﬁllég&Eéq# gwuf?éﬂeﬁﬁ)i%d over time to
wel | over, 300 dl | 7 [ Sl AN ek RRA N AR ddset s only
and no ce(1nl"m|”ﬁf)rﬁ?ggﬁf%”§?‘g7§m p%ré%é%%é@%%@g%ﬂ%%h a tra?m er?t rescue
fol | oned Awdeina®iess Lopbennds At Hendhdvk OfiBpkiimentel bmsendlog), doliraes 130

expired (red dianonds). Animals receiving islet blue .triangles, n = 5,
408 -16 (IV (@M-aW@étrale@@W@Q‘?dﬁz.l?g& ﬁ%ﬂfﬂﬁ‘i’rﬁngﬁ%?%’”ﬁ ﬁ’é’fjg%s per

ani mal) sho erfect na .t res i i bl | ucose bein

i n8) ndbion S Ebhe bt ey SPR Uit AR M D088 ol o O

r ecei Vi ngy@pctea@esd e hdesithdes bgirRanveition vl bemppardntdford Yheshbwethga t r ansi ent

rescue of the diabetic state. The single aninmal denonstrated a 4-5 day
| ower i ng defailed BesBiption/ et ftrodie Githsose before rebounding to pre-inpl ant

bl ood gl ose vel s. . Fi e 41, sM crograph show ng non-adherent spheres

and attawﬁﬂ%mw—‘ <1 ' in expansion nedium (test medium 3).

Fi gure 4%«M&1.0BhRRBS of BRabic Aass 2dhe eatdonsihigras theipioogss pyaitith the t est

medi um 1, Test medium 2, "or test nedium 3. i0 Fi %[ure 43. Mcro r%g%ls
from

showitsg gl ut 2 duets Welst stndpwetecibtainsds rRansieatic fispue dTons2d; weekaihig

n- adherent pr.ogenit |1s. Cel| | . B X in th
resence o PeRgadsDn Rt B Eath it B R 1 0°
and/ or anti - NesihiBicRitel RQeidctsvay biacdd in MigioOg plaktic. SWithinig5 BE)6d  and

gl ucagon protein expression in cells 15 differentiated from non-adherent
progenitor celhenol@riveasabtaingd, fromdwhioh prBodiarenticrlls NARD Wire PEES D PYY

and forskolin, then fixed and ,stai ned,.with,ariti.PRX- . at i -0l ucagon
Ui ti bodi es. Fi YRR BESURFQALIANHYE r’%‘?ﬁd\}ﬁlhghﬂfﬁ- Floana@l%eijcﬁlgu |lg%6§ﬂ£%sec|ﬂ?1 )
expregsion in a@t‘bﬁ&%ﬁﬁﬂﬁ; Jggwﬁig&ebﬁyoﬁsrs@age@m@dmrﬁeh apd pEeR| THE fieg! | s.

e

Cell s " were pl 20 matrix in the presence of PYY and forskolin,
then fixed andpasehshved thé bimantdigeDnd thmstcond panel shiomsithe vesulhef e direts

Fioure GOA Duct, spheres 000G D2 helei AR e BB R SRR AL on vere

tissue. After the second round of selection, the ducts are free of both islet and
exocrine tissue.

25  Figure 2. Culture and insulin staining of pancreatic ducts. Depicted is a time series of
single ducts in culture from time zero plating (T0) to day five (T5) in culture.
The upper panel shows examples of Cy3-labelled immunocytochemical staining
for insulin, and the lower panel shows the combined brightfield and fluorescence
images. At TO there are no insulin-expressing cells. Within 24 hours of culture,

30 the duct begins to distend and disintegrate, with cells moving toward the
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cell markers. Insulin positive cells increased dranuatical | y2duanhumay 2005
differentiation. Figure 46B. Duct spheres in growmh state and during

differe ii()a]%i/lqﬂ.zyvere assayed for 25 cell markers. Insulinppogishiygetells
i ncrease matically during differentiation. Gut2 positive cells were

rare prior to propagation of non-adherent cells but were abundant in the
duct spheres and renai ned abundant during differentiation. Figure 47.

M crographs showi ng Nestin protein expression in undifferentiated
nonadher ent pregehetyor ProffdrstingSphetre prasenteprihaslydh teawierpvingdnerrlagt ai ned

ith ti 30 Nestiii ti bodi . R hly 5Q0%. [ .e Nest] iti )
M7 a0 Januesessoomme ool Abate el BRI oS540 3B EO S BRLr ogr aph
showi ng non- ad@%&g{})t\mﬁ_ell%w%ga%%ﬂé fflﬂ- PSP hR el r8mithe didt@vee 49.
nof- adherent celT cluster

M crograph sho in hengsphere culture #1.

Fi gure 50. M cfi@ghaphlngbomit AgimperAldbplienionestlis sbwharshown). By@Spher e
culture #2. Figure 51. FAGS an_alzgsj s of the startijng miterf' al_f.or
hemespher e cul samempaolaperg getaised sizabbschisiersei iasumepasipve el dmiedion of the .

starting materjal for .he r |ture #1. Figure 53. FACS anal ysis of
hemespher e cul%?eeco a1g?ﬁ¢9#§ogge§§ in culture. Figure 54. FACS anal ysis of

hemespherg il 3 UMge HicidhbilayPedi¥sed Mubiflé progenifdrgell enablers. AMoSomgedsy si s of
the startifig material for heémesphere culture #2. 1o Figure 56. FACS

anal ysi s af t er weterstaiethfos botringfint(4e a4 amyiase (Bt RAEY 15 HFOmMRIPEE pher e

culture #2. Fiqure 57. FAGS al ysi s .h S I : 7 days .
in culture. Fi é}%ﬂ%@a" ﬁ%@f‘:‘:%ﬁﬂ( Tseis%b?c)ﬂl 1%531#@5 p?gl;n lagg'l-l:‘ﬁér gmﬁoﬁ ‘ée{nyll d;ys
in CU{ot ure. Figdfifetadil @%é&(ﬁr&é&ﬁi,mm@fﬁm&wm fiik, aid s dey sre( | ef t

panel) and #2 at 13 da right panel) weré cytospun onto gl ass. slides
and st ai ned wi sdmiMahefnuawhiotnds Amowhe®sglenetel gounded sespi-adhgresh selisidat hat

primary spheres differentiated for 4 days qjvVv [ S I unt - of
cells that exp@é¥§°%ﬁ’cr?§5i%ﬁ§'{ﬂnﬁlﬂma{aﬂ@ aﬁfzﬁ*f SJFB?eléﬁn?n%FPﬁ gh"r%‘ég‘%fg‘e%\ﬁ%g? ogr aph
showi ng i nsul '@u%n%@ﬁ?%%%p%ﬂv (RN TEhA'F Afd @mpdsitOs@ding thabondlefy

: re an

differentiatio of the cells are both insulin and pdx-1
posi tive. Fi guthe ghtagbh-brighieiihalshexprasses RYY.i Pangh@ sbbws 2 cpmpesitarf
expression after 8 days of differentiation. .| stingly,. not all the

i nsul ¥5n positi@l@l%lﬂfihér@yebﬂééﬁﬁ %Wtj“b‘iul}ﬁgﬁr@é%aﬁ?g%ré“@%’.e %0l ot
showi ng prot ei [ R Ssulif okHicBverbslX- 1 and G ut - 2,
with their relfétdife\éger%zl\%e ie%ﬁﬁe%]ﬁ]gﬁdllnﬂ erentsustages: freshly isol ated duct
cel I s at FsQre 3PIFaEBS addition Difubnges iter appeardide afitbanomediemnt aelti(HRres after

8 days differentiation. There are fewer than 3% insulin positive | 1's at
T=0, ~6% i nsul tyepbsifimanemedylptionangastphoimers: ?‘b?ll,pc %@J’é?a?e%af ter 8

days -ls with various factors. Cultures were grown in 5% FBS for five days until a

20 confluent monolayer was obtained; factors were then added for an additional 48
hours and the cultures were photographed. NACs were observed in all
conditions. Panel A shows the control culture grown in FBS; panel B, culture
treated with DCE (1 M Dexamethasone, 100 ng/ml Cholera toxin, 10 ng/m}
EGF); Panel C, HGF (10 ng/ml}, and Panel D, TGFB1 (10 ng/ml). Arrow 1 in

25 Panel A indicates the adherent and confluent monolayer and the Arrow 2 points
to a pair of rounded loosely or non- adherent cells. The HGF and TGFP1 treated
cultures also contained semi- and non-adherent cells. However, the
pharmacological cocktail DCE induced, on average, at least 8-fold more NACs
than all other conditions tried. BrdU pulsing experiments showed strong

30 proliferation and a confluent monolayer even after 48 hours of DCE exposure,
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20 January 2005 WO (12/1252 PCT/ US111/21897 differenti ati on20tJapuarp00% n
positive cells went up to 56% Fivure 64. M crograph show ng gl ucagon and
Pdx-1 protein expression. Wen 15% I LOSR was included in l;éﬁgg'let_‘%?e medi um
in addi tY8424%2he six growth factors, there were a | arge anBunt o

gl ucagon cell expression after 12 days differentiation. Mst gl ucagon
expressing cells do not express pdx-1, which is a typical phenotype for a
mature cell in the islet. Figure 65. For the sane growth factor condition
as described i;fdfhnBderhifiekfnkaicdisiic SWhptedtd simpintoentf el i nsul in
expressing cells, that also exBress pdx-1 Figure 66. Mcroa ~aph ?f
splieres diff exdbatenet.cThe inset i Pagl 8 illustates e swapledonstand rapify ¥ 6" st ai ned
for expressi og}E tostatin and Pdx-1 protein. Mst Somatostatln expressing
cells do not % €ss pdx-1, but there are a few Somat ostatin expressing

cel I's t hghiehPs EXRIES e REkndhne-HEGGRE BN jpRe e Me@bled i@ e AL RpUTSON. cel | s
for mature®Somatostatin cells and PP cells. Fisure 67. G aph of

gl ucose- st i MuIMAEY viars cbllecteddtea D Brytinbiatedmondlayeeenlowes and anglyzpdur e 68.
Shows the insulin and pdx-1 co:zexpression cell after d in _cul ture.
Figure 69. G u‘%‘éﬁ‘f"’é{?ﬁ’&g alfy ¢ ‘é‘?cﬁln&"p‘)ﬁrrg%tseixgwsﬁlﬁn'cé%llssea}%%?stglﬁllged for 45
days in differenkiati di i JREASRINNF R 88 Pahicett] | s do not
express pdx- | ,lﬁ J%'A‘é@’ f%ﬁetglet%}r’)gﬁ)gla%%?g)?ééw gl ucaggg expressing cells that
co- express pdxpalypeptige €6} wag alllpressnsii the NAG pofulativa. ddarkgrspyaseur sor cel | s

f oi 3 cell 2 ls. Fi 70. S ' on i
Lol 1 80 Fom | heieimieed BUsRIER of Eypigmuetupegare S hennae! CutRaeL o &
fromphe above, gy Hkﬁxﬁg?géje?rﬁg ANRGo8X Qﬁbmgém% Bkid (HRRRAPARIIAES A

(CPA)"." Further nore, e expressing cells appeared in the sane
cluster of celdisinipatHeddrogereuwiy sigiml istrsngth mas yedervetdhshowmohape etegings were 25

not co-expressed. This strongly suggested that. both af these endocrine and
exocrine cel | sbrghély(féqm@é‘@ﬂfaﬂémapﬁ%l@i)h%mﬁ?ggélﬁi %%?@.ﬂaﬁ? Eﬁq e 72A.
Freshly isol atgd n 4 | fﬁm] A : g for |
day begin to f%ﬂ;ﬁrﬁgsﬁgwggtgg%?%&éﬁ ggf}ﬁ%?re uc?%é%%@}.?@?ﬂgi%&&ﬁ?ﬁ?%ﬁ %r t hree
days form SDheihe&ay&ui%hﬁmylaawm@kg@umw zentain hfich 188 idwilindhan 8605 WO
112/ 72s2 PCT/ USIi11218)7 Figure 73. Human duct s heresjgg grovﬁ%ogtsdl um -
Duct Ispheres visight gelbabserveds eansl Ersbews highermagnfication 2R O05°HEY Ubove, and
the cells were ssaged _ever. r.a her : isfenment  of
aé‘g%{eﬁ uﬁ? sw%%&ﬁi¥ﬁo%[gacﬁﬁ aﬂg-ﬁega-{lﬁ' CEN VAR (R et A

ClL-7, a duct Ver me under“this culture condition. 5

Figure 7.f. Husm&sApploxBRiiEen-3509 of tHeaktls tastihindin-positivemPacels D,da¥s. Duct
spheres were seeded In 96-wel|l plate coated with HIB-9 matrix in, .
di fferentiati oandrfddhomnPESa aglheaggnoserrestatgandape e s CRUYRFPAAR SBBRG/ i1 PYY

in Iscove's Mdified ecco! i_Um W - Ll S oM days.
The cells wer e’ef?%?ﬁ e@&@‘ fg/%eﬁl%—’v&ly'g O(r?é%?iagf‘%e% osf'qgug%tg ?ﬁfﬁﬁ% %%Aa‘rild
anti-fdx-1 antidngdies. io Figure 75. Human duct spheres in differentiation
medi um for 11 days. Mre insulin positive cells appeared after 11 days in
cul ture iFigdré 6.eBinglé @ﬁRﬁRlﬁ%@iﬂﬂi{){ﬁﬁm@P@é@ﬂi igsulinandgiptagai ger ent i at i on
condition descer)éptggs%io%sm %Pﬁ?(\,(se "Forty cells were selected from a random population of

NACs and processed for cDNA as described in the Methods section. These

¢DNAs were then analyzed for insulin (B), glucagon (C), and PDX-1 (D)

25 message. Panel A shows the ethidium bromide staining of the cDNA on a 1.2%

agarose gel. The bulk of cDNA product fell within the targeted 500-1000 bp

range. Panel B shows that there is variation in the amount of insulin message per

cell, with some cells giving much stronger signal than others. 15/40 (37%) of

the cells tested posiﬁve for insulin mRNA. Of these, one was also positive for.

30 glucagon, and both messages were relatively weak compared to the other cells
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Figure 76. Human duct spheres in differentiation.medi um for 20Vadagry 200I | s
co-stained with pdx-1 and sonmatostatin anti bodies reveal disntictive

somat ost o /@356 xpressi ng and pdx-1 expressing cells. CelHCS/€80pR€8%1 ng
these two markers are in the sane cell cluster but are not in the sane
cell. This suggests that these two cell types m ght derive fromthe sane

- progenitor cells. Figure 77. Human duct spheres in vitro differentiation

f 11 d : | | t ai i t ' ' Les, th

| ater is & mar R CRBEARASRBn Aebe. Pset ateY Gaf R AR Le ST bRty '
expressing cel bfcapsn hibssas alreghid thatdovlaRssSwel BRth Weingxchdegedném By Vi nentin
positive cells.” Best Mode for Carrvine Qut the Invention (i) Overview 25

Certai n aspect slaef Pahe Delkeenthal meenef tbe picked callstoontasnadR1dY- poBiN4at i ons of
progenitor cel capabl e subsequent .differeptiati 0. di st.i,nct
| i neages, net hb@’? %Fa?@Bﬁ%??ﬁ%@ﬂEﬂ?E@gl?Pﬁeﬁﬁﬂbh‘éﬁ Eﬁgﬂ’%\ioﬂﬂé‘@ 1%r such

cells.s; Stem Ceﬂsﬁliﬁro?gfu@ ht to exist in npbst adult and fetal tissues, but
the stemcells are rare a difficult to enrich for. The invention is based

in part oORigure 7s Unpilinvongntiamtgluersy redpatsesifenitoret dactsr drashynigoldiel deetent 30
tissue types all appear to share the commmn ility to pralifer in the
absence of anyFTﬁ@s duc@@?ﬂ%%gﬁf)?@@‘@ﬁk%%zﬂ .Qs%ﬁﬁ%@%gﬁrﬁ’ﬁﬁcg%hnent

(direct or indiREld abd oiRAkE Bl fostchlThd oIl ARRNEH I GANIIRLiH ST o _
enriclunent of stem cells. st cel type% require a substrate for survival

md/ or growt h. {GSK)maddlsh exaacedfrenstiabinsidin contentl The timeabtaduwed from a
tissue can be cultured in the absence of an adherent surfgce with the

resul 10 that st eptaiaed go geisriablerasudingy Ry nincopastage cilfirg §H"§E€’r‘i}sl?38ﬁ, while
other cells dig ol 2k %?%ass% glniltnisltél?n Pt bg?ﬂ{)'gg#sge REpdHE! ow h of the:

stemcells results In a su enri1 chnen such non- adherent cells.

Such a nmethod efRedeftabiPbg)eithent theBbRted NMAQY Ehdwallarpmpulirtédmdnt tiat Stagm
cells fromany tissue includi n%but not limted to myocardial tissue, |ung
I

tissue, ki dneyl8ifeidigcatertbanthgiDGEdierisd monolayer when paimabiged toca pirgsile. 10 I'n
t he g . ‘ SH¢ t
cert o by uti | Bosh Brkipom fhe R BAHTERAANShe THIOOSIS ApdR Akl 0 Stem

adhergnt surf aggthid fhe@ﬂpfdl@th’sﬁcﬂﬁgibal afiee dbeeed wath ddultislees Minet her novel
met hod of isolating pancreatic progenitor cells using a nonol ayer system

that can gi ve mogelayer, néh=awhdetesiebleel | s. Stem cel | s obtai ned by the

' t hod the .i ti be .usedf Ny . 15 Th
ex! st ence I8UTR R CHEOSE RN ariEh el e A G TR aCB R it s oot o of
giving rise tocHiBRmPARRAE iGie NACpop@atidH. CORREs indRGaRUAlar Raldium Bans! ey,

1911). A nunber of regeneration nodels provide early in vivo evidence for
i sl et neogenesskigglercetlievehdgte monigemd (Sha ki atdednfesal nligRscopyaredr and Root

i d_a, physi cal hrent.. b 2 wh
G Bt R Tl R PR

1925). Histol Oﬂ.lécaJ st udi.es i ndi ca%

was adsuned t oM HRIRERRFYIAE Y FATHMCE

t hese and nore;; K aVé adfdini . ;
Fer nandes et aﬁﬁ%gg%{a%gé%%lﬁg@gﬁ? Hk\é\ﬁin{gvsﬁ vﬁsgtaol %/lﬁﬁ%lég bel igﬁe?tﬁ{nﬁg%@?sgléet

progeni tor cel bfsthée:ellymoﬁvedmoaeglmp@mglmdso.nmenh@(meimneappltoxijmtcly
20Ul { pancr easSONe0BR BRI GBI HEREU ARG EORRR ERGCERASEr | ne
islets), and ig;fa5RAnRlRNGRE Rldged to be dying cells. 80 cells were analyzed in this
25 experiment. B, The reversibility of the induced calcium current is demonstrated.
In this representative experiment (n>6), the glucose-stimulated calqitun current
could be washed out with Krebs Ringer Phosphate (KRP) solution. A second
calcium current could then be stimulated by readministration of .1 7 mM glucose.
Washout of the glucose followed by tolbutamide stimulation, a SUR-linked .

30 potassium channel blocker, also stimulated a calcium current, as expected.
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25 fluid secretion and delivery of digestive enzynes into t &6 Janedry 2005
intestine. Estimates of pancreatic ductal mass in the rat average 11% The
exocrine acini, which produce the digestive enzynes; mnake f t he

gr eat estWPIRHEBA of the adult pancreas, accounting for appp(lL’JﬁQgﬁgf‘@?y 77-89%
of overall tissue mass. The islets contain the insulin-secreting beta cells
and are responsi ble for hornonal regulation of glucose netabolisnm they 30
conprise less than 5% of total organ mass (reviewed by G thens, 1988). -21
H 20 Januar yAgrgQé Vi Qud £24ed 39 28 PGS0 1A2dB0dT Panelie dlckCad-Bgearr at i on
nodel s such as % pancreatectony (Bonner-Wir et al. 1993, Lanpeter et al,
1995), duct | it éxperipidand-&3 Yabf the edlls gaRe sissiveratyirg Bjrents HYraSpess tfeni ¢
mce (G and Sarvehrick, 1993), .al r. oM f her, i-n viyo evidence that
islet tissue aﬂi%&”élui}és (showgr wrisei 'ﬁl]‘ér a5y §€5§%acf%é}5f ?ﬁ—;ﬁéﬁ%‘é{?‘%{ﬂo bq’chélgﬁi? or
cells. A Com&aﬁ 9Rs i@t (PBwhnlln ® B Phe (hBSBE BHIOF cEMISlSLited t he rapid
appearance of e docrine cetls in the proliferating ductal epithelim after
experisment al i kayiing anglichdel end kinstcpie mespappdachaisaga\indictting coummex of weeks
of presumably newly formed islets in the periductul ar space. In addition,
cel|s that appBtlgti®nexpress both insulin and anyl ase, which mark endocrine
and exocry I r 1 ; : d during the 1lo
regeneratilq‘i\}?glr%fgb(kz}z%psh %ﬁﬁrﬁ%fn@& c’kllloug i’?er'?ﬁgdtﬁo?%g?ed%el | s mi ght represent

act i vat edrpuegefi Gedphahbivig(dffdct oEFLrsARIDIlnEEeAMPIAEANa-Butyeate ali.  1994) .
The exact origin of these activated cells, whether ductal, acinar, or

ot herwi se, andindhdtioneafidbiferetiasion hei r activation, from progenitor cells or

th h sgl ecti dedj f tiati ' ' esSpi t
 nesoruncliapeh bl T4 6B RL el HhEMRAT L FrF b Ut o e,
neogeni ¢ capachioyeftforlchBis, et ure pancreas. It has been proposed that during

pancreatic devel opnment, early expression of PDX-1, a transcription factor
t hat reguFizues 12xGrashslemonsttatingsbit Yasgadtiye detaginableniidedVIP )abippsdest s mar ks

progenitor cell s capabl e LvVing ri.se t ot he e j ne and endocrine
conpart ments ( WPE%G?FCEP?QP% ,gm@f Fgfsﬁo&x H‘éét.n%f?g%&gml gren et al.
1996, 20 Fl[g%ré' ¢y, e\é&%ﬁk ¥ n@ilinAimirk §R4 sasetirEdiauesh difeR8diation.

al ani sns

Devel opnen mech y also play a role in adult beta cell _
neogersesi s. | ndeed, Fenmandes et al. (1997) describe the appearance of PDX-1
expressing . cells in adult pancreatic ducts afte repto ocin insult.
Anot her eﬁt&“ﬁ%‘rﬂﬁ‘:rbr%@%mp ﬁlﬁétrﬁB}g %Bhw%eﬁﬁs% céq%%’reégé‘f ngekgl o)
postul ated to ] RREd Qe tor cell's (Upchurch et 25 al:
1994). Both of%lésegl%crgg}t%&tggbes agsedf Olfggdtglﬁﬁigl slets as well as early in
pancr eat i Bigk@vsel i, Midrdgiaphs Hlusisatingahe speetiicity bf PNeysteivingrinbduie direct!y
to islet formation. However they provide early markers agai nst which
regenerative s§ukSARYORIS PRECTEAal yzed. (ii) Definitions -22 20 January
2005 1412 2 / TN = i ; IRRNar enpl oyed
inth spiéalcéu%lgégt P@%ogég%r{@?h%%g@%ep%ﬁgéﬁfﬁfﬁngm }rne(raéegol I e&%@élR here. The
teen "adher ent amplifi¢a¥ionr€dcdbss.t 0 any natrix that pronotes adherence of
cells in culture gregl. fibronectin, collagen, lamnjns)., Preferably the
matri x i sFigmwe 3bdTableshlusiating twrchanges [y ha SeRREFIISSSION WUBRARTBIE cel | i ne.
Exenplary matri cez i n%ude Mat ri gel (Becldon-Di ckinson) and HTB9 matri x:
Matrigel is defl?v\;oa;qer Oom a nouse sarconma cell line. HTB9 is derived froma
bl adder cpigdure 22.cCRAARIstraend bukSerbddimentof AR 4rr3P 6§ markers foe detbaingibeta he
tetra "aninmal" refers to mamual s, preferably mammal s such as hunmans.

Li kewese, a "petllsand'presursorsibpmeet” to be treated by the method of the

Figure 23. Autoradiographs profiling gene expression in adult and embryonic

pancreatic tissue, and heart.
Figure 24. Graph demonstrating how quantitative analysis of gene expression can be
carried out as part of a determination of the gene expression profile of a cell.

30  Figure 25. Autoradiographs profiling gene expression in embryonic pancreatic tissue at
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to invention can nmean either a human or non-human ani nal. Agoyassarpeoesn,
the tetra "cellular conposition"” refers to a preparation of cells, which
prepar at y@yipysd nclude, in addition to the cells, non-celdcul@neseponent s
such as cell culture nedia, e.g. proteins, amno acids, nucleic acids,

nucl eoti des, co-enzyne, anti-oxidants, nmetals and the |ike. Furthernore,
the cellular conposition can have 15 conponents which do not affect the
growth or viability of the cellular conponent, but which are used to

provi de the celdifferpnt stagearnd afigraliffereptrafimules g, as pol yneric matrix for

encapsul atj.on aqr pharmmaceutical pr ration, t N y.cul fure mediunt is
recogni ze 'gq{e?ﬁe?ﬁgg}?s @ﬁgra?yéxggﬁ%qxgaélﬁgz\%é@%@eﬁ 3 gﬁ@egﬁéog%%%gﬁof prepar ati on
used for g, cuht iAMBbiQHoPhphk DidMeGehd SxprdGRarid tididicalRd fldaifige 20
culture" refers to the n&i ntenance or growh of tissue, e.g., explants of

organ pri nor di agrageniér @tisadult organ in vitro so as to preserve its
architectuyre and functjon. A "cell culture" refers to a.growh of. cells in
vitro:3al Fﬂ}lfﬁﬁ%t Iﬁga«%}é’rq%trﬂﬁﬁ ‘%P@P%‘ftgaqw?@?a]éfﬁm ﬁgfheoarug%{ﬁgggra\ﬁ%% %toélg%rg ue per
se. Tissue and,gell culture preparations of the subject m cro-organ

expl ants and 2% anplified progenitor cell populations can take on a variety
of format Figure29i Tabkrhewin the vspevedizvzls ciidxpugssibnrodfcertainigones ketvdenr e i n

whi ch cells mul tilglf{ whi | e suspended in_a suitable nmedium Likew se, a
"conti nuous f | 8plEislate e dyrareanciegs §evsloPmefFvati on of cells or explants in

a continu f f i | ' | o[/ iability.
The term W@ﬁﬁ%?&éﬂéﬂ#&%@% Sﬁgﬁg%ésnglg?ét%&?gggggﬁ?g%%%gpg&%e%yof t he
cul hueggl 3o cel bsddrésssue, resulting after a period of tinme in contact with
the cultured cells such that -23 N 20 January 2005 WO 02/12J)S2

PCT/ US| | 1Fizmps32 139. idanrograplss iustrating tthe kigding of gentaindecting toaadiltdamag, i ne
and/ or autocrine factors produced by the cells and secreted into the
culture. "DiffEMAY%ati on” in the present context neans the fornmation of

cel I's expresieR0. MRbladled dNoWant LphRraats aadtaletidedbilfue elahsetthadesak ¢haror e
speci al i zed and closer to 5 becomng terminally differentiated cells

i ncapabl e of f diabbiée stdievifshetarogeneading pepulationanontpining duncsioaphdicta calls a
pancreatic context,, differentiation can b een N0 the production of
Paret 7 ke col Bomvesiom i i atinsty pailen O 0B R Bk BrRrafe Bhtie: o
-epi thelial cellsofhal whi RBisRed 086 @n@ﬁﬁ@kmmﬁzgo&e&m@ﬁc nliee, $€IN

"EDSp' " neans the dose of a drug which produces 50% of its maxi mum lo
response or ef figod injoted with STY beeamerdiahetic withinét8dhoursy Ioswiin ¢apégpaiagor, with

t toth bj t t hod, f t VP el i
Lot whi o, WASIF RO TRRARIeE St e i et b BIGHEGE A, Change
N the rate of cfelda Bonl it ehviRihrdkalcet iRpBh@lien Ondidsth palds b on of a

cell. t5 The term"explant” refers to a portion of an organ-itaken fromthe
body amd gr owndesigred tarekpire Zidays pestimplantBtiort atxT «i Matays §I hipaWitlinHBs t hat

e oo ke T peet ptant G132 e bdod ahhidost Tibelsorhdse Rl we U1 ¢ O

reduced from a range of 280-380 mg/dl blood glucose to less than 50 mg/dl. In

test groups either cells or adult islets as positive control were then implanted

under the renal capsule. One week later (T13) fasting blood glucose was

25 measured and again at days 16, 21, and 28. Black squares represent placebo

group (n = 5 mice) and as expected, in the absence of insulin, the blood glucose

slowly climbed 6ver time to well over 300 mg/dl. Animals (n=5) implanted

w1th insulin pellets only and no cell implants also perfonnéd as expecfed, with a

transient rescue followed by diabetic rebound after the insulin release tablet had

30 expired (red diamonds). Animals receiving islets (blue triangles, n =5, 400
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"Hemat opoi etic stemcells" (HSCs) as used herein are stem cebliantidrgR00Hn
give 20 rise to cells of at |east one of the major hematopoietic |ineages

in addition to groduci ng daugliter cells of equival ent pgﬁ&g@%ﬁ}zé‘;‘)}'hree
€, :

maj or | iYW@44e¥5df bl ood cells include the Lynphoid linea “Cel | s and
T-cells, the nyeloid |ineage, eg. nonocytes, granul ocytes and

megakar yocytes, and the erythroid |lineage, eg. red blood cells. Certain
HSCs are capable of giving rise to nany other cell types 'including brain
celI's. 25 "Ml {j-RQJepBhim 2} shoRled el sty tefiPtsscad Rithiisding dddodpdicogd ve rise
to at |least three of the major hematopol etic |ineages. The term"lineage
comi tted cel | Beingeinsained & apprganutlyrl 00 eng/dk heie siagle pashvingahised t o

di f f tiate into, i f i ] _type,.e. g.: t |, The t
M ivere "t ef er sergvpadiRGs oo sei e egPiert s n B8 SHREr bR esetos a0
abdonen on t heofghg{ﬁi%ﬁa&cdﬁatej 45t sheReRtialldaRkaabd agm delgté%wﬁﬁxﬂ\g' 60t d

functions inclu 20 January 2005 WO 112112. 4s2 US111/ 2aR97
storage and fil30rmg/idbblootl ghicostibefornvmmsiling topreimplast hlendglytase dayels; and

th t abol i tivities. It al I ile,to,intesti I
aul t *verligredds Mictesnnrerrenansadiemii el and pltien e SRR Pnal | y
arose as a di glﬁ%%‘h%’ﬁf‘g’!ﬁg@]“f@%%sgﬁ%ﬁ“%ﬂ dates. Throughout the liver, a

network of tiny es c e--a solution of salts, bililvbin 5

(made wheFighesag) dicfghiphmshesinghonddhathtspharehdutengrdetnon test inedin, and
fatty acids. Bile accunulates in fhe _gall bladder; which enpties into the
smal | i ntestinb 5y mgdinme 2, or tgsfdredigBe has two functions in the intestine.

First, it..acts ,as det e . hr i j - ql s that can be
at t ac¥ed U 335 Gfe(’géarl'fzhgﬁﬁé‘."“‘gé@@%é‘? @gﬁginn%ﬂrarée?? %Hsg%t@la%hfe salts aid
in the absor ptd;eBreafiatel Biohs ndi-adickdie piopbaisdricalls. Beltwale pidted treHIBIgal |

bl adder sonetinmes causes difficulty with |ipid absorption. The ternforgnt
refers to two metrixgnsheplesnenof PXYeand forkelin dogn Dxgd o sfaigedruithpntti ssue

mai ntai n sone r.m of, cellzcell . cell-matrix interaction to forma
ni croar chi t ect Mﬁg%}-ﬁ%s&ﬁnﬁﬁg@%ul ture" denotes a mixed cell
popul ati offsffe 94! Mcf&é@épﬂ%%ﬁéﬂv{lx}% PIK i1ning lghfhb @ pteibptesbidif iarceid  cel |

types isoldted froma tissue. e word "primary" takes its usual neaning in
the arst of ti sdifferentibted from Fon-adhezent progeniterrdehar Gelbuivergimdated opHiBPeat i ¢

duct I'ls. | | t he int i ty) h . i thelial
ol 5. The LormaTlBGeREsPegar Y Y e EaROR i AR B PR
Both terms 20 pgker alPorshtipdiddogagiibdadsed cel | which is capable of

proliferation and giving rise to nore progenitor cells having the ability
t o gener aFfigupe |4ar ycrognipbs slufwing PREF1 end insulihprotdinaxprassien v cgllve rise to

differentiated, or differentiable daughter cel.ls n_a prefer
enbodi nment , th@ffg@PH?tﬁFlgﬁ’éﬁHP?lBPdWe@P BT cehlg.f QFQS ‘fVSredj%%(ﬁ%é gﬁ‘iBzged not her
cel | phose desgengdanife ﬁﬁgaﬁe%rm@@aﬁm {Ré Bfed dhddtfihie il ati-r ect i ons,

by differentiation, e.g., by acquiring conpletely individual characters,
as occurs in pPD¥rEessd/veardi-insulén fitbatlieen of enbryonic cells and tissues.

Cellular differentiation is a conplex process t.ypically occurring.through
many cel | Fignys #&Q%&%ﬁ_@%‘ﬂ&’i‘f’%%ﬁ g‘é‘f &Wﬁ?’?@%%mﬁg?ﬁe&sﬁay %i pot ent
cel | which i tsgéllimé&eg?rlils\.{ﬁr@o@gi% %el%&ﬂe%ﬁ%@im&tﬁ:‘all?fd SifreRtiati¥i.| e each
of these nultipotent cells y be considered stemcells, the range of cell

types eachigags 488. e spheres nqromth seae yndduriighliffatehijatiGowee disayet font i at ed

cells al so have the capacity to -25 20 January.2Q05 . ) ..
25 cell markersr.) Insuh)1/1 posttive cells increase% dtll'amgtlcaﬁy %urmg differentiation.

Glut2 positive cells were rare prior to propagation of non-adherent cells but were

abundant in the duct spherés and remained abundant during differentiation.
Figure 47.Micrographs showing Nestin protein expression in undifferentiated non-

adherent progenitor cells. Spheres were dissobiated, fixed and Stained with anti-

30 Nestin antibodies. Roughly 50% of cells are Nestin positive.
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WO (12/12 J52 PCT/USO/2JR97 give rise to cells of greater @évahopyedtal
potential. Such capacity may be natural or may be induced artificially upon
treat ne ’0"“2}1? Marious factors. "Proliferation"indicates apriussi/edse in
cell nu he term"tissue"” refers to a group or layer of simlarly
specialized cells which 5 together performcertain special functions. The
term"pancreas" is art recogni zed, and refers generally to a | arge,

el ongat ed, racenpse gland situated transversely behind the stomach, between
t he spl eeRigane4slubtiemgaplikhewpmmonesiheeneoaborlisiers inhemesphereguliire #dxt er nal
secretion, provides a souyrce of digestive en s. lndee "panar.gatin”
refers toFiguzeddt Miewers 19%%?&@5@“&‘&?%%&%?% Tﬁgwgﬁufrp’ﬁhci pal |y
anyl ase, protease, . ' ALY o TN LS iR geshi ve aid.
The exocrt ¥ %gﬁt %%%]&%giﬁggsﬁggfg?gwgfJaggfégf%@rtg%t%ﬁéyggﬁ?%ﬁgﬁrcrq{)%ﬁdi ng a

| umen. Theg@resi. PAESMeRIZE thasasiag netaidifgdsmespheazylme #buch as

t rypsi nogen, chymmspsi nogen, carboxypepti dase, ri bonu%‘@h%she,

deoxyri boRignkreszel aa)ysefl aftes Lin+ daplsiion of irodykBE MR hepesplErse, and
anyl ase. 15 The .endgcrine portion of ‘the pancreas is conposed of the islets
of Langer hans.cull’ﬁ‘ée%g ets of Langerhans appear as rounded clusters of cells
embedded wgh%%_tPﬁc@&&u'sﬁs%méﬂﬁgﬁ@mmwhﬁéﬂrmrstry@ﬂﬁsz cell's- a,
(3, S; and™~-have been identified in the islets. The a cells constitute
about 20%ixurt 5& EAKSsarfabysiscbfihemsaphereatiuce #kafer0-44ds pr 9dli%e t he hor none

| e _ | fi k ,avail abl e i
The | ntor BRRIES Bt RALS FERETIY (oF WoHE T oR o atone SoneE® ! cakdown of
gl ycogen ?Mr@%@.”?{qgt‘;s[ %ﬂ'ﬁ%&g%ﬂﬁ%@&%ﬁmfﬁ{m&ﬁﬁg infhtdHe GotePeSpheldhie 8

cel | s prodiCe sona atin acts in the pancreas to inhibit glucagon
rel ease and tocilftee #ase pancreati c exocrine secretion. The hornone

pancreatic pol ypeptide (PP) is produced.in e,~ | 1's. This hornone

i nhi bi ts Pigyee égt FéC&@alwasl@é}eéﬁ}%%?@%%ﬁ@af %é'ﬁé‘f RS enzynes,
causes rel.axat Len h ' etion. The
nost abund*if® §gl FgﬁfC# ?'ﬁaé)%?gs‘%@{es, g@%ﬁes |%€%%R%Sﬁ%% %rfc?ﬁﬁéécel s, is the
[3 cell, piyuebspr 091§ Bom Retitdphere calutkikn ak 30 Kaysifieft pareBumd #2 el Stgsage of
excess nutrients arising during and shortly after feedin nge j.or target
organss f or i ns(right panel) wisee ¢ytaspan OpigEAdss sli dmfiéfﬂ-“&fdd&lﬁég@ﬁ' PBPAed for

. storage of enebgé/. - 26 20 January 2005 WO 112/12152 PCT/USII1/2!R)7 The
term " pancr eat t" includes the accessory pancreatic duct, dorsal

pancr eat i g6, NBLARAMIIRMALhEUTIm@Rdpheel differadnied dat 4 dayd giie risBer ous

gl ands have extensions of the |unmen between adjacent secretory cells, and
these are cal | tuch langeemoetutidf gellcthataxprass bothipailineand pdx-hPErBbul ar duct s”

refers to_intercal ated dycts and. 5 .stri d, duct. L4 i es of
secr et or yFiggre 9?1 MPW%éh%\ﬂﬁﬁ%g gyl aqdﬁ{%cg{r-kg 03%@(%% %%:%?%Mge}fa g?njgé% ’gé t he
first,gduct Sega%néiffé[@ﬂtﬁitiﬂﬁ. Mot HaB 5099 0fABE BlEs 6 bbitilidigin dndpéx-qal at ed

Y]

ducts often have carboni c anhydrase activity, such that bicarbonate ion may
be added to thposies.etions at this level. "striated ducts" are the |argest -

f the intral obyl ar. duct nts, ble of . modi fyi i oni
Composi 11 Bt obo Sierotsnet Spvanaeoi Gy SRRR iR SR | er
to acell whiClifabhiioher@Ridingiyl AiGIAE fishli@postansicRbiced hipeaing €. 0. 2

cell which canp uce a hornone o6r enzynme normally produced by a
pancreatic cel glutor instance, a pancreatic progenitor cell nay be caused
to differentiate, at |least, partially, into ells, or a

. 3, .& or =~ islet
cel | 8 eFigure§d. Paplot shoising PRFIRSAX @S%?%B%%F‘Te[o‘mrgﬁlllst W’t}’aﬁﬁi ar?\((;ienti on can
al so be cul tur [ : VLB rsﬁfelf tatEdFRehIvYsHIREd 8@rdi tions
whi ch pronote %ﬁpj’prg’?l é%%%a@gﬁleghﬁh I f gﬁéﬁf‘} gtai%gn. Thgse condi tions
i ncl ude cul t ur céls 4the=0; epheed i grdwibvprivr ¢d differantiation,and spheres after 8 days
differentiation. There are fewer than 3% insulin positive cells at T=0, ~6%

insulin positive cells prior to differentiation, however, after 8 days
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confluence ire vitro at which tine the cells can be made to20danugry 00D
islet-line aggregates or clusters and secrete insulin, glucagon, and
somatostatin. The term"substantially pure”, with respect itor
cells, rEPEH&43 a 20 popul ation of progenitor cells thatp(ltﬁug{&?@zst about
75% preferably at |east about 85% nore preferably at | east about 90% and
nost preferably at |east about 95% pure, wth respect to progenitor cells
malting up a total cell population: Recast, the term"substantially pure"
refers to a popffbahtisimgthepnaganicseive celd sefuptthéor esent i nvention t hat
contain fewer than about 20% nore preferably fewer thap. ut}gup% nmost
25 pr ef efagikre Gevelicrograph shayving supagem aFlFlr?é‘ég]éPl@W*‘ERf%ﬁl%l G P 4fhe

ori gi nal unamljitihed and isol Ig“p ik cul turing
and anplifi cg"[&‘r@%k ‘(?Sllf’%u ﬁlﬁt’%&i}%g I ne%aéﬁd%%{nﬁé%@s?%%@ﬂﬁ@%cﬁgﬁset out
above, it is riﬁél%ebvérbatlarg@emaﬁxﬂw?;magdmupi gesitn bfielBdays features a

met hod for enriching for stemcells, and differentiated progeny .30 thereof,

froma range cfiffeientigion st glupagonexpiessieg prllsale Rof sXPresserdr biwliigh is a
nonadherency nay, -27 N 29 Jamfarry ﬁoo%m et02/ 12.1s2 PCTIUS01/ 2.1 RJ7 be
used to isol at@PISHRRCRAPPEIF ASRRESER T B/ %Ny ti ssue including, but not

lunited Qe 65,1 Rdd (RMEdEE LoSBtRcloY PaSit SABNddcibiaGh Fig. 64,1 ihsteatic alvsal e,
cardi ac muScle, bones (incTuding marrow and spongy bone), cartilage, |iver,

pancreas (i nclsubistantiadanwaht of issiinjexpeptingallst thphaiso exmersinds:1. Peyer' s
tches, | ynph nodes, t id, epi ] i,S, .5 bcut i ,

pat s, LATBl Podce. UL f1Gor SRS B LB £ NBEAATGBUE Lisoue

blood,cel s, t%ltiﬁﬂ%gfm ;eJ%x‘éEﬁ‘?Jn s BV dPRCT plokdit! MésTSoBseRERoUS,

stomach, small sti arge intestine), adipose tissue, uterus, testis,
ovaries, prostexpsessibgrelécdo n@ expresugdx- brito driaaenifewdomatestadnt ery ti ssue,

fetal tissue, unbiljcal _tissue. Variqus techniques may, be_.enpl oyed to

obt ai n suspen$FErEssiHE celey that ‘(%‘?ﬁ’FFSiBgﬁ‘llf ?‘@géﬂlq%éﬁ@’$l&y?ﬁgﬁm{$?cé¥%’ﬁti at ed)

from tissues. Rnekernatd aphabhalh RiReRIppEENAre ones that result in as
e. For e, t

little cell death as possi exanp e cells can be renoved from

the expl FigmedTh! Grdph ofghitas-sihulaed isnlie rdease g diffdrentmtddycelbear ed of f with
‘a pipette. "In other instances, it will be pqssi&ag{e to gi ssoci ate the
progdhi t drigersi 68 $hayya the inselin padpds b cawkpresson eal ofisr 6 GAYS HEMEBE: e.g., by

enzymat i cdi gespi of the ] . f : ' i i he

acti vat egF'qugﬁg%i ;&ﬂpcaegx}i @%E%’ghiﬁ%‘ﬁ e%é%e%%’}&%xﬁ%’esll %ggll I %?é:ﬂeﬁgruﬁggalr& mar ker s,
e:g.; using affiffejdnfati@namaitioas Mehglucuies eaprefdinpidisdompecyubisydiel] cel |
sorting (FAGS). Cells may be obtained fromliquid sanples, such as bl ood,

by cent ri f ugathicovevehithage Awraldo, a fewelugagen expressitagrils &t RN R hi t abl e
met hod, such as by gently teasing,apant the excised tI] i gestion
of excised ti ssélﬁggﬁg’gﬁ’ec%qsﬁéagﬁgg © CrdY p’f(?mé;%ra%lr%g?r %%ﬁfegggﬁgsagxﬁ , via, to
il lusprate, pelfjdsion through a duct or sinple incubation of, for exanple,

teased tissue in a col lagenase-containing buffer of suitable pH and tonic
st r engt h.Figine T0.epamatdstaiis sxmessiopn in lsells froprthoerdturg shaya iedig % r at ed usi ng

sui tabl e nethods and materials,.sugh as centrifugation through .Ficol

gr adi ent Figexe %’on%@ﬁsrn'g?‘i ﬁ_‘:?@rféonbgbet ‘ﬁ’&f"e B{BH}?‘F FE&F?S&% XOfREe LEhitenhat ed
i ssue then | SCEBBUARSHARY A (UM APYEHILAR SR TN ESERkssiRH G BfpdababUe
culture gl assware asticware: In. certaln enbodinents, the tissue is

al | oned to forimthe samd tlustei ofeiothayslso expressrissuling pet) th et plateins wetter ent
cells) NACs are fornmed. |n_other gqr ef erregtllefggg |0r¥eﬂgletsgénéorée celA suspensi on

is plZiced in aaot co-expressed. This strongly suggeste . Iine an
exocrine cells are derived from the same progenitor cells.
Figure 72A. Freshly isolated human péncreatic ducts. B, ductal cells in culture for 1-
day begin to form small aggregates. C, ductal cells in culture for three days form

spheres which are increasing in size.
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non- adherent culture contai ner and non-adherent spheres of pOdgewary@008ells
are formed. One salient feature of the subject nethod is that the starting
mat er i a:\%ﬁqﬂﬂyﬁzadult 30 or fetal tissue or tissue from apyrqsygi@enent al
st age. reover, the method can be -2S 20 January 2005 WO 02/121s2

PCT/ US01/ 21897 practiced with relatively small anpbunts of starting
material. Accordingly, small sanples of tissue froma donor can be obtai ned
wi t hout sacrificing or seriously injuring the donor. The progenitor cells
of the priigend 73.nHantidocteaphéres emgrotlh sddivand- Jhist splieesst Wereigoaited from a

tissue sanple. 5 In certain egbodi nents, .the culture be contacted with
a growt h fact ofergp-TipedBaydsmedigRn aéﬁﬁ‘i"a?ﬁﬁgo‘ée’ GP%aFﬁeﬁgﬁeﬁansggﬁa; a

m t ogeni c gro [ , ; 5. ; a grou
Tonerstur g or TaE 7 Shfgn fifrdke) THAE WL MERIARKER D U2 Gk eficldial 8 0r P

hedgehog or VBgGhket, mvet thee vaddrablis rehite cohdiiogr omt h factor is a nenber of

the TGF(3 superfamly, preferably of the DVR (dpp.a vgl. to rel ated)
fam |y, digure BlyPHuaiandget spheres 10 ¢itferniigiion @ﬁé‘ﬂ& %R%@ﬁ-th&‘ﬂéﬂf@ﬁ% eis

contacted with CAl i : e in di o3

8- (4-chlor ophe‘ﬁ%etsﬁ%\%d-qg%é%{c’)%?ﬂg@%}s%a:Wclélgﬁi ?ga%%l %%B‘r%sfl E) f%rtegtla(m((:}ST- CAMP)

(see, for exanpbk@uml@nkeniBede: FBBLS OulAshuriapinand@00hg/m P Bimlscowr®Sy chi at .
16 95-106 (1992)), CPT-cAWP, forskolin, Na- Butyr%ég_, i S%E’Ut'f“ ]

met hyl xaut hi neMeiigiad)Dulhercots Meditar with 8% mpM(glecosqsardow &ys e cplls NEIF obi ol .

(0.0, see RydBieeviaf? BiadndEBs0all byl il sbCUL RS LeplBaRE . “hc

cul t upe IFgRAMACHRMaNIILE: PheresimdieRitiatsd medistirfool U days Ve, infdin exanpl e,
hydrocorti Sone, deoxyhydrocorti sone, fludrocortisone, prednisolone,

net hyl pr edni sobasitive qetle dppestedarfter 11 days insnbwe in dificseriiahian serdium gn

bet anet hasone ar anet hasone;. .See,. .general.ly, \ | of
Di agnosi s and ﬁﬁgrgwﬁ"’&%}ﬁﬁaﬁ}?d FREMagUPRAL0 gg%&ﬁ%@ﬁg‘ég %E%V%?nggr kgw et
al ., eds gi%ﬁ?{:?% Edn dud@8Edres Il dideRnehEsH RddRADRAN Maays. CHR oWHiilses are

contacte a CAMP el evating agent, a growth factor and a steroid or
corti cost er oi dwitk pgx-1 andtsoratustabGEntbedkiesieledl Sisiticiéve doautoriatyi n.

Alternatively, or in additiaon, treatnment wi.jh cAVR upregul ati agents can
be uséd as des"c‘ipir??éﬂlgélﬁg\Péxtloe"ipFﬁﬁﬁBE ceﬁ%f‘\g‘?lfsrﬁ%eﬁ%%ﬁwf%gw%aﬁagﬁ Hucts of

such a met hod £afe (6l Pt U B ARG HeNGme Sl S ThAMI FRIANRIBERTAB! .

gl ucose-responsi ve 1 nsulin producing ce . nuary 2005 WO
112/ 12152 PCT/ ¢48l typés2hight ddrbver feom tiee snleqprggenitonballs. of ti ssue culture nedia

that exist for culturing ti e fromapi mls. So f t e are conpl ex and
sone ar e I5gafs ‘é?.umli]alg dglgt qlpgglgﬁ iigg‘(llifrg&I{il‘r[%elz1'ent'1.':1St10n§'0rrsri3 1 gays. I&?ls were co- Tt ex

stained with Glut2 and Vimentin antibodies, the later is a marker for fibroblasts.
20 The figure illustrates that Glut2 expressing cells are in located in clusters, and

are excluded from Vimentin positive cells.

Best Mode for Carrying Qut the Invention
@ Overview

25 Certain aspects of the present invention relate to isolated populations of
progenitor cells capable of subsequent differentiation to distinct lineages, methods for
isolating such cells and therapeutic uses for such cells. Stem cells are thought to exist in
most adult and fetal tissues, but the stem cells are rare and difficult to enrich for. The
invention is based in part on the surprising discovery'that stem cells from many different

30  tissue types all appear to share the common ability to proliferate in the absence of any
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that the ductal epithelial explants may grow i n conpl ex nedi2@Jantaryi2D05
generally be preferred that the explants be maintained in a sinple nmedium
such as Dul becco's 5 Mninal Essential Media (DVMEM, in o fect
nore pre¥PL12BAt rol over the activation of certain pr oge%(?ﬁ[ﬂ?&'gzdg)hl ations
in the explant. In a preferred enbodi nent, pancreatic ductal epitheliumis
cultured in Isocove's nodified MEM cell culture nmediumw th 5% FBS.
Moreover, the explants can be maintained in the absence of sera for

ext ended PaEhASs @frelt dBndildnRbef Sibs@sle e ThRdIBRHSc@I bel ted ifoveatichaent t he
growth 1o factors or otlier rnitogenic agents are not included in the
primary nediten tels. tdbsticelh fypee rasfuire heubsitatafoe survivaband/er, grpwth. apea gasuld,

b tly to. . | j.f ti f. distinct | at.i f it
col | o Qe donerih o i Seln S Buied ot agisSin iy i Tl BB A < Tar e
enriched becausauphed Ratd (a0irkdulyy e QERVedR ﬁﬂaﬁf@m%ﬁ@mﬁi ‘ENSELNEE,

either direct or I1ndirect, to a culture surface. In other i5 words, one
aspects ofsuspansiony eiile @ther egjis dieor ahiepsttfhid te grem. cEbitinad sclottiv gredtlf ebom a
culture wherein said stemcel]s are free floati and ,are not_in, fjxed or
Seri -1 xche SO SE0S feul h § GHPSRIBAL COTRNETI L T POLEAReTeRt Galsh TBRI% of

mat eri al [ : r ' pant rR98lskitoz:
cells caflm%)tjglgl g%lrl 2’?eegm?%%qggsndé%{g%ﬁ%lﬁggcp{b?mggls%S?g%%noI afgl%l{r% I tesr medi at e
st age. Pdncldaigibut doclimitédiotrhy@iardigrtissuee lungvitssee, Radnef tisewe, sielaialapuscle of
stemcells because it was considered that the duct fragnent inclusive of

i ts conpdifshe, aBGPARREILGHSEYFd mesenchyne ni ght be the basic biol ogical unit
that gontains cL r itar: | dahyi ok
pancriati o opi Erat irhiy e BAE b iy ik profitbs bhiks el BEBORNGSS B e
during desetlk aynedlizivg@shelii dbslitydermokifctad adtieyalisbeceasd dry adimrdnt gliufiizl okl ow and
G obstein (1962) and others 25 (Wssels and Cohen, 1967). Nbre recept work
usi ng gerfaoes citpest, thechretiogy Puifsh Anpthee @ovelanethnd afgiselafing gapsatic

o . v _ ore .
o1 thol | UTPESTICLEalr Tt mondahih Vikih biltandht e d B SdacARENg BRRCTPT
for mat i onefls @Btated HARS Mriday thdlesiRefild ia dérition ntdy teaned fatrhanyREpsehy Ne

identity to snooth nuscle by sonic hedgehog protein also resulted in_ 30
der ariged pancrBat existepse withinathe aduljrraneigay pbea|pgegesitopeelhthat 19 gapableplm

 dovel opi Y pRriRei e endiiad AY HediontPs 16 Bl fep iRl PIE 07

mesenchy fRind of BgeeratiomBBys peiiddeelytin vhe dvithatd fadltthdopRasisanthd i1 the
adult pancreas, particularly wwth respect to islet neogenesis and regrow h.

Freshly iasiltaergan (Skaw fanddrméimes, 5925, Washi addRest E925)ndilistabegieal sqtucies | ayer

5 surrounded b senchbrnj al _stroma and contain W i .

di ffer entlflgllcatﬁg @%&Pf“ﬂ@{a&'gpﬁ%e&ﬁ%} W ﬁt.ewasu?ﬁsgmgé go 8? 8\%\%@%’“&%’% ISIFE: \
obseryjed drehd RGAMRwOk. Mrdrhithése 28D AQKE treniGRdrk (BRRs- Wad cphls 0993QIRN i al
progenitor cells coexpressing markers .such as insulin and anyl ase, which

m ght coretralbl9®4;t Berndrales ot mht 13947) olevelopeck fennovitwidelyeheld delies tha fslet
addition, we obseryed the energenc f a.ponadheren el.l t.ype previously
o Undes NPT RIS R B BoRLE SOrPDdaton PLO AR e EGithel¥BE el o5 o
this novel cel{nd ¥RQaHBrdki8Ghedr Bired RticRSE IcbRPoRintY of iR USIultaBhaess one
conbi nation of which reproducibly | eads to the formation of functional;

gl ucose- r(spothsi tveo being the dwwcot heini Ot thdendoaringdsletsypadtis resposikdedoice and
i nducti on. aof pangreat| rogepi,tor.cell activities in fhis duct culture
systeém wvihigd WQWBWM%IB’G?EP%@E%W& quAyI)es oy é'{etf&ifmolp%eﬁgé?‘?a jc:,"%tl‘r?gtﬁseg enesi s
and 15 a'ﬁaﬂcﬁ&ﬁé’?@%ﬁl Rafs inhe $htReldde 119 PIRE B8riRE ,-aEﬁﬂdHﬁbH?r&ﬁ‘é@th‘éﬂ' I's

for the treatnen I nsul i n-dependent . di abetes. This shows for the first
ti me thatdigestive ennahesheiake Up by farche greatest pertioh vhitheaduli pandreasy adcovnting: t

|t , ts t .activati .qf Ltor [1..f
pancr eat i 0Y S0RPRmAlrId 7100 B R Lby Soemepb T hErOcts SoRaRBR LR REHFIRA ot | on
of those el l.gns ;?aﬂ?l | e @ 8195 @]felefof: %rﬁmdﬂegﬁlﬁﬁmn Rg1adeRd SdiaBREROGh&AN be

used to produce islet-I1 é
30  comprise less than 5% of total organ mass (reviewed by Githens, 1988).
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clusters ("I CC') containing a high percentage of (1-epithel 2alJaoedry200%t h
i ncreased insulin production. Mreover, as denonstrated in the appended
exanpl eswa dra2sizbj ect cell ul ar conpositions can be used t SCTASELENHT abeti c
m ce. 25 Accordingly, in one enbodi nent, the invention provides a nethod
for isolating pancreatic progenitor cells. In general, the nethod includes
the steps of obtaining pancreatic ductal cells; culturing the pancreati C

cells in a suitable nutrient. rredl 4 f itor

cel I's from sai Q2P ESNSHEFNIPY eiq;eﬂmé gg/" ?rgﬁ%@ﬁkzﬁh{jﬁg({hg epi t hg i al

cells are; ?%éﬁld?xl?ﬁtérr&rﬁl' 1958)| abetl BearidH QangF@rali 1$9RREsenbg B95pamdr eat i ¢
i a

duct al epi celI's can Be obtal ned by enzymati c di gestion or other -31
N 20 Januasggni2Gfice (Eu@ad smnn@mmmlﬁ pevide fuetherii vivd eddenge hat Bietof

ductal f t The t d t | | f |
eug ? pr (raalgﬁr‘gg?ﬂ“;seﬁ r?h a”ﬁi?n%Pgﬁé{ilgt B\#OZ"‘E)? gd %ﬁ%%gaé{aﬁgrogﬁﬁ {’ lsscgg‘n (glﬁ&l Sol at ed
from the SHa.eE Bn iRk, H’gf'#]l gé’ef ?férr?rmécfe?safsriﬁ@ﬁapﬂf afpearagid bEEGIcMihd cal iagent s)

t hat inhduce pro I fera I entiation of "pancCreatic progenitor cells
fromthe gdheksliferacipg t hetalakpihetioh] sfteAsxgedwentblednidt, ovnd tthe swbseauenier ent

|1 | at hed f t | | t.h t
of e br eERHATCAVRHRE 1 TSR ©5 WEIS AL FTHIRET: NP M 4008 oS gent
can be uSedyfRRLOURES R %ha&%a&ax@mlan%pgar%eernggsg BbitPihstlin BADARORGE,C

pr ogeni t oF“¢ vention relates to the use of a
CAMP el evafhidiOmafk egiotite bod leﬂdcume @ls,viespectingy praybiteen arbsmechdutmg the

differentiation of pancreatlc cells r to thejr tr | ant to a
di abet® c segopesstive |piogess axdnéty 1%6%%&%%}?1‘?% the?‘ﬁepeh o‘r%p’@é?ﬂ #t s the
in vivo adm ni trat o} t t

transpl anP‘éoégeW 6%@% | th? AL ?9@‘9 et QN9 \3’? Ghen@ust Qﬁ«ﬁiﬂ of

I'SsUg€, éswé as to patients which have a

need for ke %@@hﬁzﬁmrseamemepenétar rﬂ[ﬁlﬁlﬁle or @theawise pand thekmedraniseyef pirng
functional deficits in the I5 organ eC| ally %{,;f I ucgose-de e_ndent’;b
i nsul i n sectietioonfrom, progenitay @Lllsjfe' W@l?%%ﬁd G"seéaatb%ﬁﬁ‘g@&étt? K1y

Anot her s lﬁtlg gﬁtglg ée ur eﬁeo%asegh% ?%?O%E{EE%EI gfunhggc bjng ot AR

concer ns CO’I’] 1ons Tor 1.solatin

propagat i Bgoéynﬁc&%ﬁ Ré 8Rbire m@%nl tor cell popul ations. 20 For
i nstance, as descri bed bel ow, ﬁe progeni tor source ductal tissue, ex% ants

., preferably adlehai best B@POSiedoﬂﬁéldWlB% peegreasis %Fﬁsmmepheqaébye@rwoau

purified | propetties ar di um
“and. gr ovm(iil’%%'ﬁ mg%{qncfaaggttﬁ% r@ﬁgll?%ts b Iéeg%&é%?g“ﬁsrhh@t ed ‘glg}ekgﬂgngﬂe
forma ”0%81('?@)5 1t maAls! Srobshifdd! deUs Rap#bl@ of gmﬂg:eisaltoamtm e leﬁdncrﬂﬁrzmldayer
In preferre odi ments, the mpjority >25 25 %rcent nor e

pr ef er abl ynddife cofnp'aﬂmensl([@hlaﬁm Qtlallre 3h8tﬁ#}d et %1e19 rAldarea st thd 986

proliferatiye. adhe cel.l t t he
DUt ure oend Sherebby AMRBeR A . obs ag bl oo Do lab ARLE SRR e
NAC prepal Qé g@aféﬁa %‘lre' {ﬁhé‘&hl{ BEta RRIChRRbGEisP BEesd, tEHm:ﬁﬁleh ot al{(1B9Me al so
di scovere | s of the subject cultures, and the NACs 30 .
arising i mieﬂdnﬁ}ecﬂnbtappearanw o PHr] fekpresting sallomn sidulli paCrestic edvctsnatterror
exanpl e, _st%gptgzotoczlg &%&%ar yAr?oo eSr \é%b%%rﬁ;c product is the hormone PYY, whose
expression is also postulated to mark committed endocrine progenitor cells (Upchurch et
25 al. 1994). Both of these cell types are found in islets as well as early in pancreatic
development, and it is not yet clear if they contribute dlrectly to istet formation.
However they prov1de early markers against which regenerative systems can be
analyzed.

(ii) Definitions

-22 -



PCT/ USfli /21897 fluorescently |abeled | ectins can be used t@p Jangary 2005
facilitate FACS or other cell sorting. In other enbodi nents, the lectin
cair be derivatized for irnriobilization, e.g., on a solid_s fa} Q‘_,such as
a filterW&92@&? and used for affinity purification of tﬁgT}cﬁém é.‘)

Exempl ary lectins for these proposes include the fluorescent |ectins,
peroxi dase conjugated lectins 5 and biotinylated | ectins marketed by Vector
Laboratories, Ine, of Burlingame, CA. In preferred enbodi nents, the lectin
is a plant | echih coRRGidHRE Ccdfl Q4ahl dmployad Redmutpealfbatibh,néxamples, ahder
enbodi nents, the lectin is selected fromthe group consisting of Aleuria
Aur anti a hemnided ¢laiths gre AnBecasd hare. Caudat us Lectin (ACL, ACA); Bauhinia

P Lectin, (BPL,. BPA) . Copcanavalin A (Con.A): i nylLated .

Concanaval | n A TEb e RS teEALEG Fer ARy IR EBleL ProRr SRR Feprsgll

Bi f|orus @9&11&&& IoNF64d8Mtin, ELN AR Rhifehi)sS Pe&ratably the elauiix (slekivedEi the
u

Euonynus ropaeu$ Lectin (EEL)® Galanthus Nivalis Lectin (G\L); Giffonia
( Bandej r ae}yacSllulpt inwitfin| dfaa loantdrons! cfliGBue.|  Ex@plary: mpgiske dndlvdenMatigge] f f oni a

Lo BBl Gkt ARl Y ety » HEBE TR ¢
Tet ragonoligbupThaql hlildddm ab%f@%ﬁ{eﬁl Giiindisé Hhe IS PhedonBroiodect i n (LEL,

TL); Maac murensi's Lectin ); ackia Amurensis Lectin Il (MAL
11); Macl ura Pawivsed kedecthene/PinimaNaefrsousamgals prefersbysusmineltstsigh ( NPL;
NFA, DL); Peanut Agglutinin (PNA) . Phaseol ys Vul garis, Aggl utini PHA) ;

Pi sum Sat Ay (HDERSSA) ;lk‘Pé(@Boh%c‘gPF‘B%g ‘FEP SRYE o 18 0hrs Traied By ﬁ%e(rﬁ?@o? ,O(f\f\ﬁ 1);

Psophogcar A : , WBA In; Ricinus Comrunis
Aggl u?ézni ﬁ}b%m}%%é%%g?%ﬁﬁﬁg%}&gh M%éﬁlﬁ\ggl utinin Il (RCAII,
RCA60, ricin); ASabdburilithé eerfoPRellulaNA)mp&atian”i rafersTwbe preparaiPof atll)
Lectin (STL, PL); Sophora_Japonica Agglutinin (SJA); Soybean Aggl ufinin
(SBA) : U sshich prepraetinn mgy inplude i addgtiopeta thercellsy pop- @5&@@@0@@8?% Ahin I

(UEA | 1) i illosa. bectin (W . ' : s NbdledRm{\GA) ;
Succi nyl af %{h%k}%ggtm@?’mekgg{dﬁ%%i n, éﬁ%}% }s%g?lltcaaggsg]rn I gér)\%ﬁg S’Lecte in (WFA,

WFL) . | n ged-bridantemartilgent sthetlile. dFasbainats dheusiitlay eompdstiow edn fhaven t he
ductal explants can be sorted b¥ presence of A2B5 epit

\ ) .g., t
abi | i 8§ t eomponsatswhish doneotgfist thsreseWihen Viah@mb%@e(oeﬁﬁ‘gﬁ s‘gﬁﬂ Ppeat qfﬂr. ,

(1979) PNAS. 76:4913 [ L. I -LBl t ' . such
s gangl | SHiee b tocie Bl bsefs SRRt Gy HrReg en A ARG R or S

PCTI Ust | té&?&%&ﬂaﬁ@fﬁ@ﬁimﬁ&dﬁ@ﬂ%rw&tmﬂ edly found that a conbi nation of
growi ng such cells as nonolayers, wth treatnment of such cultures with cAW

el evati ng ageniTbe peroytedsremediven ciigeepanizad de thmarbranggeters gengrally 1o a8 eat i ¢

it | 1's, Accordingl » h e
ont | uenceEanes br pEparR] Yt (6P chlFafcsetyRE LR, PV ARA Bieue
be treat eguirkrefes AVEheShaMdane: S0QbivtH f Wsdere. & cexphaiteoflodghe peinicidiai on of

certain cells in the culture into non-adherent pr og&ni tor_cells, and
subsequentt pf iantadultyghn fr pitoa 6¢ 2R ¢ eresevhals @ﬁg‘@ﬁ‘@ pand fugstionr i feceld| | s,

A di ngly, I ly defi dition b [ j
e ool ot PHbnS eyl Beel B TR a v RElkyy e TR bl g gk 7 =0
explant. § R8sk paaid differentiated cells of the present 1o

invention can be anplified, and subsequently isolated fromthe culture. In
general , in sudhssan aps peelidedlture | prepazations of the subjeslomierpwrgan. expiays and

bi or eact or, ch as the ORTICAL .M cul ture te del .5 z rle
R: ver ziab@ﬁﬁf‘iﬁ]m‘%ﬁflg , C%E%P'#?‘m&? cglﬁ E&l%&?@a&ﬁ%‘&%& ia&s;st em
(Cellco, *‘ﬂ&gﬁsgﬁf SRRieefel¥tho) a chlturg §€ SaECHVCEI ﬁpﬂif?lﬁw_e Gubgedd®l Bf ahuman

pancreatic c The 15 bioreactor is perfused with a suitable, conplete
growt h nediitablempgiuerrehikevwisej 4 ficantinapsrityy cultuereisrs tcthiegultivatioreefiaells i on of
m t ogens; and as appropriate, CANMP.el evaling agent.s. The (3-epit.hel.ial

cel | - cont 8T RXpignts é‘F gPQ figous flosy éﬁ‘ge é’ﬁ‘%“ﬁ@%o H%lrﬁglp\fggt%?é&c%% glgﬁii "be
cryoprese i i ige | iR .g. recBEAMIE cOltursdl - |

Tr anspl an%?ﬁgﬁﬁSgonﬁ%fgé‘?fgaﬁg. %%fs'tlj'ﬁdejﬂ(lilgiﬁ%e?fe% ma gbe mai nt ai ned i n any
sui t abbe celld/issee,wesdtihg aferch pasod of Bimerin 24ntaet ithitey opltured cellsrmpchnghiat be

mai nt ai ned under typical culture conditions for cells isolated fromthe
same aninmal, e.g., such as 37C in 5% Q0% The cultures may be shaken for

i nproved aeration, the speed of shaking ™Deing, for exanmple, 12 rpm 1In
order to isolate progenitor cells fromthe ductal cultures, it wll
generally be 25 desirable to contact the explant with an agent which causes
proliferation of one or nore popul ati ons of progenitor cells in the
explant. For instance, a mtogen, e.g., a substance that induces mtosis
and cell transformation, can be used to detect a progenitor cell popul ation

o, o o " o o
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detected by proliferation of the progenitor cells.. However, as described

bel ow, anplification of the popul ation need not occur to ent in
or der to‘r’T‘Pl%‘B“éé'rzt ain techniques for isolating the respons%iﬁ%ggﬁﬁg{'

i on.
yet other enbodi ments, the ductal explants and/or anplified progenitor
cells 5 cmbe cultured on feeder layers, e.g., layers of feeder cells which
secrete inductive factors or polyneric |ayers containing inductive factors.
For exanplie maiidBid begalalferyas indnehertuiagdracrne andiopattesratedpatpstyireduced
progenitor cell expansion, as described in the appended exanples. Matri gel

( Col | abor by theeeche sehsasieted igo thegalrgr d, Mass.) is a conpl ex nmixture of
matri x and assQgiated. material.s. der] : ' lRhasenent
membr ane pr ot e?ﬁg?erﬁ‘%%ﬁogt h 13p1%fg5§é{m¥‘ﬁg%"?|§§é%§? %Fgaf;ﬁqﬁlltaﬁ% SgF‘fllas&Z‘ R}E{gi}gg
heparin syl fiat€ khbRhaBThy Gaddeiztiad with deye thangreeimbac sperialasd pnépdoed t6r om
the EHS tunor as described Kl einman et al, "Basenment, Menbrane. Conpl exes

with B ol bgioasihg fertrinallyydiffeRintiatad eplis ingapabist of agher dixKigTnefediligrEtiaian. ot her

such matrixes can be provided, such Hu riX,. Li i d

r econbi nafel ?@iﬂf’m’é‘e @@1gg§}csc0@§%t, ‘@fff’%ng%%"\ﬁ %aéldﬁétlségéfﬁe%gtgrc ac%:raén ?’ g t he

| nst ant C&h%-ﬂﬂ%%ellAaH&@ﬁCédn%ﬂn'g Minf iR Hebattibn ! et -dpithélial elis dmpl at ed
su

that the ject nmethods can be carried out using cyclic AVP ( CAVP)
agoni sts peducdincesaskd dreownts ofinsdin. of the cultures cells of endocrine or

i h t .l t oth nbogdi ts,. fhe j } . t
The 1 n vi bo_ adiPRiasEr JEPd e RRrsoan ot GLe THiobaradsve kP e BA A "L een -
trans?(g an{& mygietopeﬁg&greati c tissue, as well as to patients which have a

need for I nproved pancreatic perfornmance, especially of gl ucose-dependent

i nsul i n secr et p@n“effeative ghtount” ¢fhe.cpreecdMP tigulbiters with rdspechit¢ thepsubigsbar ent

to those in the art that a variety of different snall | ecul es e

readi |y i gefhods irekers ft@rarbﬁm%{lte_,o%_tﬁzcﬁég‘!f j gV %gagfgie f g“’ﬁ%‘_&&?@‘?ﬁﬁi ch

upr egul at ¢ cAME AeRNARAL, BldstbbiPohahd inPR TRESE cbit proliferanibi aed/ormihod

can be caPff%a §ut dsi ng tonpounds \Afhl ch may activate adenyl ate cycl ase

i ncl udi ngshRrdFiaffirantiion ofahellera toxin (CT), pertussis toxin (PT), .

prost agl andi ns i}e. g., PCGE-1 and PGE-2), .colforsin ar‘ﬁg%?)- ad:{gn rgi c

recepidr agor udhe. temg “caBlaBirEtETE 1¢ 805N 0L GBrITERR tRKEGEPT P8Y &fed t o

herein as "[3-adrengkrgi jsts") include al buterol, banbuterol,

bi t ol terogfo["?hlﬁlbalﬁ’taéﬁﬁ'lglflﬂ&%%ﬁ'ﬁiut erol, clorprenaline, 30 denopam ne,

di oxet hedri ne, BJopaxyRigmeis pdie dtel 19 ehat dpaive dizen i taleen. fbaf e dradyetemBBarily 20

January 2005 WO 112/121;2 PCT/U5111/2a8J7 et hyl norepi nepl ui ne, fenoterol,

f or mot er okylthrek bpyidwarndeiungbio¥¥, i soet harine, isoproterenol,

mabut erol , metaproterenal [afe):2Y ' edri pitd Pt 850k
ﬁlé%gorpgre?wpsrt%% (S:Pﬁgg @-Fﬁﬂ:?@s 'ﬁg?d REILAE fién ¢ ‘  tha bive

prenal terol, pr Fyl eproterol; rimtero ritodrine,
sot er ggol riss @l SRsQIrQlt ledsE it ibfthe ResjortHegiaoupisiaiiel linehgdsabuiiditioh to aroducing
xarnoterol. 5 Conpounds which may Inhibit cAWP phosph:ﬁji est ras&é%]) and
t her eby | denghterecells@firguivaldnt potshtigabbree naon lineregs of (oodrrells ancigs ey
met hod. Sych .co unds inclyde,anti.n 1 Myl.r i i pg,
AESERAGER e MRS TpAnP g Tl MR RS B, monecyes

met hyl xan P ri-none, an, rolipram

3-i sobut yloshy fRRi Y Iaﬁa@ﬁégaﬁﬁy&dygﬂv?ﬁnd b elyetiryidlineags, ogi teddicutindells. Certain

gl ucocorti—coids; griseolic acid, etazolate, caffeine, jndonethacin, i o
t heophy! | HEEs peepeapible, ofngiving Tise dbumgnx sithesi erdl (ypes, inghidinge i Fele

Certai n ang| of ,,CAl e.d. .. which ' . Of . e

used. 2 onphiipienor anraaBr e e ifot HEERE S R VB 1Rt e PRC

i ncl ude din?alj'«%rng%ﬂa@ et dPnda) . (8-(4)-clilorophenylthio)-cAVP (cpt-cAWP),
, 3di

8-[ (4- br ono: oxobut yI') t Al o] - CAMP, )
2- [ (4- br ono- 2, Fhei texmbiiindape lcomniittedabel]” sefbrsoiepa dapegenites cgll dhatbasybecaanp;

e kbl RS E S BP B A

2' - deoxy- CAMP, ﬂﬂ%}mg‘m}é@gmﬂs-ﬁ%q I\;paélkcfédi FAMEE D YHe GAMD;part of the
Cc , -

N6- nonobut yryl - nobut yryl - , 2'-O-Tnonobut ryl -8-brono- cAVP,

N6- nongbutabidmen ofahx yighf\be, just beneath the diaphragm, Its manifold functions include
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and 2'-0O nonosucci nyl -cAMP. 20 Above-Ilisted conpounds usef uB0iuantdre 260hj ect
nmet hods may be nodified to increase the bioavailability, activity, or other

phar macol ogi cal Iy rel evant property of the conpound. For o5 orskolin
haS'the“fQJg?rﬂﬂ*a? Forskolin 25 -36 20 January 2005 ~1'Pg§%@)/?5‘5{52

PCTI US11112J8"' )7 Modifications of forslcolin which have been found to
I ncrease the hydrophilic character of forskolin w thout severely
attenuating the desired biological activity include acylation of the

hydr oxy| $24eeCondv@fi@4tida’ of dldoal coBRBNG ofkugdre imoedly¢oggnorp) many hother
hydrophi lic acyl groups. In conpounds wherein C6 is acylated with a
hydr ophi Inistatadigl acEvigiesu B, al©7supaliesopis torinfestines dnddult verjebrates thisfiuciigre

hydr ophi l,i ¢ acyl groups,include groups havin S ciure - 2) " X,
wherein ¥ F‘émé’}:qr 6’86’ ;ﬂlﬁq’i‘@r Hg}%ﬁ%@éﬁ{"s acy (gg%%lg'ﬁ lé}:{nlag#nol&pf r (%lrg@%i&[og_il?s
taken t O%E-élﬁfhogpﬂhmlﬁef,iarlﬁt@&mrfitiay AbuBsBoRé@eBile-R @RI \salbs, Bilatisins,

whi ch may 1 ncl ude heteroatons (e.g., piperazine or norpholine rings); and n

i s ansi ni(mgée whenirethog]obir &bar mb bjoodrashs is trokew downin &venedndrfaty ¢aify.om 1- 2.
1 Olier i tab hyd | ulj cyl. i nclud d hilJ ' id
or *der | vl supRistesoh the Buth bladod bl eBitRes S gindly SiGBRL b §e8TAC, fe!

gl ut A NS Cf}10fgs b0 SRS id eQiteltthe. Hfifer it la0G YUl bratiiredlahgfathavi ng
a heterocyclic side chain. Forskolin, or other conpounds |isted above,

nmodi fi ed ity @hdleplgbodsi thae chi bheraabkdd by sligastivé deziohesi nSekangwand gneBose of

skill in_the art_may be readily synthesize nd tested. for, activi in the
|5 preserPeRiaRobile salts 9id ip jhe %PW&H?@%‘P‘%«;&?W&% {restige- Brpoypl ?% i

aboveszl i - L ME 13 MMBD’ onists in the subject:
met h§8. %%@géa%gg?%%ﬁﬁ?%%ﬁ%gggﬁt%qv@ggg 'y g%gbl e to synthesize and
test such deriTatteneSofoan” férs abiveo achbne ddjacehinlages phtissuemvlidh fesatsof t he
subj ect cAl VI P agoni sts can be chagsen on,fhe lf]?si s. 20 of their selectivity
for cAMPlSSiS veaiNigi sprec &ty of ‘é‘ﬂbﬁf‘g]i RBHEE, collrmailx pICTaqUAh G 08Ws 2t o

adm ni ster. fwo l,Irectm)er_e of the above cAMP agonists, preferably of different
types. FoOr exairpl’e, use of an adenyl ate cyclase agonist in conjunction with

‘a CAMP. phosphariicasing Fps@annhd@esT dehoteRy niised calhpephiaivnafeslisthet payier gi stic
effect. 25 In certain preferred enbodi nents; the sg@{eect Q) ents,,rfall‘iéa(sﬁe
ef f edfi venteranrion efjerasy Witfarentselbtyss dolatedhirpny a fsus.odis Wordr BIBRBT S| y of |
~pMor less, and even np r ef NM.or | By 8hlfire of
enbodi neﬁttssusgﬁffrﬁegglélﬁbfﬂé?%eoanlgtﬁgﬁgh‘i\’/t‘ﬁw [ ngPCFé{éE@?geblaeB;t‘lgl ni to? q[ he

growt h stah@estic a8t lisnmipailew! thelifteragtign beteden meseheliymaltdndrepithelial
differentiation and/or cell 3o death. Methods of neasuring cell
prolifera&ellovn are well known in the art and nost -37 20 January 2005 W'O

112/121s2 PCT"H;%' %nﬂ Z‘%r%sé%nitor cell” is used synonymously with “stem cell”. Both terms

20 refer to an undifferentiated cell which is capable of proliferation and giving rise to more
progenitor cells having the ability to generate a large number of mother cells that can in
turn give rise to differentiated, or differentiable daughter cells. - In a preferred
embodiment, the term progenitbr or stem cell refers to a generalized mother cell whose
descendants (progeny) specialize, often in different directions, by differentiation, e.g., by

25  acquiring completely individual characters, as occurs in progressive diversification of
embryonic cells and tissues. Cellular differentiation is a complex process typically
occurring through many cell divisions. A differe_liﬁated cell may derive from a
multipotent cell which itself is derived from a multipotent cell, and so on. While each
of these multipotent cells may be considered stem cells, the range of cell types each can

30  give rise to may vary considerably. Some differentiated cells also have the capacity to
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commony i nclude determ ning the DNA synthesis characteristi 0danuasy PO0O5
replication. There are nunerous nethods in the art for neasuring DNA

synt hesiwp @ny42f which may be used according to the invercrase/kissan
enbodi nent of the invention, DNA synthesis has been determ ned using a
radi oactive |label ('Hthymdine) or |abeled nucleotide 5 anal ogues (BrdU)
for detection by immunofluorescence. However; in addition to neasuring DNA
synt hesi s,. nor phol ogi cal chaggees can be, and preferably will be, ra?l i ed on

as the ba3ive g0 ceBs af igrpter depelprmealpggalt uch cppacypimabs BHaral gy
i nst , | .ol F h b d that
cortain gPAph RS il DR BRRRGE, AN AL EoRcE NV 2OPPL ' Th ductal

expl ants so lo“Bslif@ati@r indlcitecininefatdiatcellannider.easi |y detected by the
naked eye or microscopy. In an exenplary enbodi ment, those progenitor cells

whi ch respond Te trrawitssaeicreds toog sl drflayaataf simiarly spesipbigedberllsrWhight i on
of outsgrqf\(/)vt S fr(%Othe X I%n.t ﬁn%ctgd buds or blebs, can be easily
det ect’ed. CFA- Aot hat § W 8&3{ VS odi ment , other structural changes,

e.g., changes TRe _ﬁa@ﬁai%hcﬂmgwr%ﬁﬁfz@di,i éxﬁrrafewgerﬁﬂggo adaRebdofietast ed
via 15 contrast mcroscopy. To further illustrate, | can be incubated

with broreersacspuglagidngtuatedr tansverselyxbehindh the rstesharbn yigsveesntindedees and
paraffin and sectioned. Sections can be stained for insulin using an
P mnoal KAPARERSED Racsa it oty 3 S et ot idEs Ao §e o
al ., Am oF digbdtfve gﬁ?ﬁesﬁ%ﬁé&l, (p@Rfdatint Sefels RPLYHHOAAle SUINAR Pirbreas
anti-porcine 20 insulin (Chem con; El Sequndo, Cali) as the primary -

ant i biddy .co@ilining wokwnes, tpaincipalle anylass, ootaesed adl Hpastyumibih fokistassentshised s can
be identified using. e nonocl onal .anti-BrdU.(Dakq; Carpintaria, .Calif ),
ot ect od AETTE e Hdm ARG oS PEon £ Fimersed of “SeET s gLRo B tpidis?

H st ochem punfff 0 : y?hnl_@ ) béﬁz?ﬁ-j ! ;

count er S{Ha% ni ng. ZQQEB%?Sh%I [ aIS&%:%?lﬁsge?:%% E%\éiﬁglgntl [ gstsgﬁy?égrgpg?%g?écti ons
usi ng a mhysetypsincgan) aartaixypeptipaseh eiboatclease] desxyaibbnlndehge,( BiacylgBderoDako,

above) as,the primary antibody. Surface areas of insulin-positive and
epi t hel i ahPaE"eLH%Q§Ph?&‘P€%ﬂ pSerstpse, 3BH @B2SBf the total | CC area, can be

quantjfied w t NIA=Yo W s i inS b RansSan
B'ege” Gal 1) hpERRRAE Holkihr BB AaARR bl A B R
20 Januarfhe2d0s \WD NariefiAhS2pPEEr/ ddSiclihdad thRTert lod dBild dnhtmddéd mgthimdbx .
Cells positive for both insulin and BrdU may al so he recorded_in _separate
sect i ons SFPCHRRPERARASS ARy citferent dypascfinellsse.af i agd drhavedoenideatifipd dins .
Mean cel I, si C be | cul d .b e ratio of .total |1CC area 10 _the
nunber ofthifer The el oreihiarhe 2% o0s %l fnRaeiic RGNS ¢ ne
surface @&mceftuenﬂéﬁﬁdiﬁa@ubag%ﬁl | GRAsHH ¥ 6% skveraltissubs 61 Rile Baber Of
| CC sections (at |east 15) and nuclei (at |east 1000) should be analyzed

f or each availgiile in thecimtervals bevyeehfedding. clil thardives ghecagoe nauses broakddint pfy of

the sanples. 1o Tq further {llustrate, .t he exanpl es bel ow deppns{raje that
duct al  GEDISQRER A0 PIMPIET SHCAISERSIS ) GRYIY GKY BBEHSPDT dBFI® C9PRs. |t

(o) Vo BRIkt ol hd U5 A b ok gty oeetarL
to prolifdecehs: pdidreaticneltavaihe sedréiforr Ehenoenmohe panadtic polypeptide (PP) is
produced in the ¢ cells. This hormone inhibits pancreatic exocrine secretion of
25  bicarbonate and enzymes, causes relaxation of the gallbladder, and decreases bile
secretion. The most abundant cell in the islets, constituting 60-80% of the cells, is the B
cell, which producés insulin. Insulin is known to cause the storage of excess nutrients
arising during and shortly after feeding. The major target organs for insulin are the

liver, muscle, and fat-organs specialized for storage of energy.
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grom h factor receptors on the surface of distinct progenit@0dJaeldry 2005
popul ations. This is 15 inportant because the expression of these receptors
mar k t he I\pro enitor cell populations of -interest. Monocl ﬁg%sant'%odi es
are part ™R useful for identifying markers (surface HHE® N ot ei ns,
e.g., receptors) associated with particular cell lineages and/or 'stages of
differentiation. Procedures for separation of the subject progenitor cell
may i nclude magnetic separation; using -antibody coated magneti c beads;
affinity 20 chragefepdr sphyreafid dlucPamdings e tivcadibizb edicredticadbed dogsad sol i d
matrix, e:g., plate, or other convenient technique. Techniques providing
accur at e pajsteasici dnet,imaih (raacredtiroduss et ventsd thapereelis deqtl Seevsighndsaren can

have varyi degr ees,, of , sophi sti cation ) plural i Ly : 0

channel s, e)Ir:][ 1%%%9 © @ﬁdl%ﬁe?'u ?8“%@5 h?cﬁgccegftsg?ffeﬁ}gy dA _ee;ﬂ é’c_talhtt'rll gﬂlg%eacr?ir)léel Jsal,h_ad

i npedance;j e NfhScanlibuli. 2PheCRAVMEMEAbbYar &lkes ol adiigsrcaRyeddeuOBRdIgat ed
with markers, such as magnetic beads, which allow for direct separation,

bi oti rs, whttieted chuatsbfeund wthaolobitleh oBsdcditerycmits fin 8t pancgn bheiigterenlaied
support, ffuqyochrones, . which can used with a fl.uorescenc ctivated
cell sor té‘l‘c,ts o‘iﬁ%etrﬁ? _ eidst fi"l?t ﬁefm?ﬁwmﬁ%gé?%f’wgeﬁcé?%qrgﬁg‘g?'ﬁ?ﬁe ca?)a&? i cul ar
cel | tyPedudyslie iy GitonieyherSaRlSdsuiceit biduBoladiDivhyy Keladaratal Lo
the viability of the 30 cells. -39 0 January 2005 WD 112/ 12s2

PCT/ LI 51 1the2<e8%Rohs atthis 1bvedt r'Stiiated dunbisliamnetite, lasgast obthet hurakobuidsaliices f or

growth factor receptors that exist.on the subject.progenitor cells are
commer ci aPYPUIFEIS ag e ‘Eaé’?@.e ,O?Q}ﬂdifﬁwit&%mln&frc SF’E’(’:‘@%PW?,IODIE’GZ receptors

and/ ofy TG rec “ipafid ShEE Aok {AEEAL Whith @Rk Qffforertd BRI es

can b{eO made byﬂr?r%ﬁ%%$ vvel?ﬂc%rg IJ?{té_)ocone skﬂled in the art. r?n 5 addition

to usi ng ankllbofiipescreatici Endagecepr agesil twhicte el praduce it dowsene onenziaid | ed in

the art can al so use the growh fac oi:s t hensel ves to .|l abel the glells, f or
e

exanpl e, BEYRreducsd byidprncEalE els eS0T SBRCS SOPACTANC PLAEEI FFEHRE O
aml . L . o !
Fol | ow no SRt G BABUERL A1eaR DaRBILIIACS, o BoR 9L Blek 208, dh 4 M of

expr essi ogxocfift eNThe PRIJERE mfuchhier Glis bge iatertioalvas elsb de calnged pribasi c
mor phol ogy. For exanple, extent of growmh factor responsivi té,ﬁ e.g.,, the

conceHt r aio adminigirgEionfto gr sultiest fuaderoeonditionsi which pagmaiel elly profEwatiqrpand he

maxi mal a m ni el spons n . other. :

condi t i on@iﬁeﬁe%{{glﬁ ?ﬁl@%} ‘Fﬁngﬁ{"“ ?é‘g%%%d%@%lﬁggg?ﬁ%%%%r%ﬁﬁgﬁ tzlalc{rgtrl {lﬁggm% he
‘subj ect péagRBhOn ¥Rk Bt WiHicH Wintd @ieNBUIR, cdnhBe insadleafoefbriar p@als tislet-likd | s can
be characterized by the expression of genes known to mark the devel opi ng

(i.e., stagaesapasoyshistess yndosprete ineylin, glcpeone prdspmatp#ein. sol at ed
and-characterizgd, the, subject, progenitor cel (o) r e
condi ti ons whi i"ﬁe AP wSF ﬁ‘éipyoqulrgér LN 1%’1%? rﬂ%ggelsﬂg%lgi%%]itl% 'rggelrgqgiineages.

Thi s gan bepubaibneorasdobdnir edl1shRogs e e Mout MSMC bieBiabipat lasnbbdar 8#eel oped.
For exanpl e, the 20 subject progenitor cells can be reconbined with the

cor r espongioregprsiasalyly ak teast ahout 96%, sedniost pigerahiy el beastabeite 36 pram witlst r uct

the adult_cells to codevel and. codifferentiate. Alternagfivel t he

pr ogeni t TSRt 110, BERROBPT COr|a CESPEWEP He G et S Yhe Wi

di ffer ent ¢QbLaRiIBCHRES rdfisGH LHEHUIADACS Stofdiioe bR 88 Mbsehhfrveslids. For
i nstance, the cell's can be treated with an agent such as "Forskolin,

Di - but yr | thep\wentaixa fButry that egbont 20%o ameteh prefereblyr fewigo | thana abati H%omast gr owt h

factor such.as , TGF[ 3 or DVR,sub-fam |y nmenber. . It has been observed that

ecsa” CBERY AEver B A oy A e rarses i BRRr A RPN oy o

into vari %s@ﬁfearp%?g}aﬁ%lg/shgr {oVseBSequéiteliRinfaiedhRlifiaht.i se fetal bovine
9 9

serum of at least % 4% or at |east about 5% concentration. An
adher ent @#} r i Exemylast Embadigiegts i n- pronoting differenti-ation.

Certain terms being set out above, it is noted that one aspect of the present

0

invention features a method for enriching for stem cells, and differentiated progeny

30 thereof, from a range of tissue types. It is anticipated that the frait of nonadherency may
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-40 20 January 2005 WO 112/12JS2 PCT/ US111/ 21897 Pr ef er r 2@l Janiresy 205
matrices include HTB9, derived froma bl adder cancer cell line, and

Mat ri gel .., ived fioma nouse sarcoma. In a further enbod] ]
inventioﬁ“g%ilzih s the observation that treatnment of pr og?nclrﬁggrm'gté ?s
during propagation with different growh factors can then cause the cells 5
to giverise to different differentiated cell types after exposure to
differentiation conditions. For exanple, LIF admnistered in the growh

nedi um pr bewkestof ieslart stan colls fonmisestiatly anetpue isilnding.dut sotifmited to the
differentiation. As another exanple, KO SR adm nistered in the growh
medi um pr &HsIVESS f BIsHAL 1YORS: of S@Pg@ag’éﬁc@xﬁﬁ@é@q AR ,|ga_rd1migp;§sq1% ones

li kout TM ' L ' e ' i d |
Lot ep actiPuang hrEy 3R SFMa o), CaRIA, ety ke (Bpiia et RURE) 0,
Gol dsbor oygiBen, Mhymlis) kiisis, Pderls. patflidsC @ymph nodeqothiidi@nesiderdnis, Matdis,son,

J., Stevens, M, Meneses, J., Pederson, R, holler, B., and Latour, A
(1998)5 Fosurupmeoss tissucanhsart, ubngatvasalanbissiendincludinge smogth Jayice fdl ear

factor (HNF) iranscri.ption. factor, fam /| . ... HNFI - r&. K be
expr essedc’?(#t i usblgg‘ill I cel%’pgbia@?r’vgidin&sﬁ%%sq‘fen@?ﬂdﬁp}cﬁﬁﬁ %n%gzrgghﬁggs’
devel opmeglom &R sneMPIHRdsBne 1@ e RELSRRY LM pIEE kisfRY LRI &8s, QVEriY, phitate, HNF

protein such as HNFla, FNFI(3, fi NF3(3; HNF3y, and/or HNF4. The gl ucose

t r anspor t eont@ctivetijsve aindocrinentiaske mdsentetydistues detaltissas cimdnli¢ad tisslel s. Certain
of the "forkhead" transcription factor ch as. fkli-1.or e i are
under st ood to S&“ﬁﬁ? KEFhuqYss SRy >begﬁ?1pf°p'§€t}8.°tgﬁml ARGt HEr BFICFt%t o ve
enbodigreng; i ) $ol Bdued) B BSsolattoh pr8cedlifeslard @lesO
knownhfan;J IEllFfflié}Tq{{EI DX-1 d(glr(ﬁ%%%ﬁﬁﬁz&@eggeégﬁy ‘ﬁfeéé% s%own tlg rFnarl S aéli fferent
popul at i ottet edsult tne asiBitlel ceflidegthpampossible. FSoemanpléthe galsasn thavemaysiirgraen
shown to regulate insulin ne. expressi on ang would .al s rkers, for
protodi ff & e?ﬁpfaélﬁ &y1pls }?Ysllr‘g&%ar CARS R @%C%WN%FW&EF% ‘fbfﬁg"ln%ﬁ(p’@%%s,
such as P ' LOL:IR o 8N Bgtigsed to
char acterlﬁggﬂlggg E@gesgggg@ggt@ %S%S?lgggr?? t%gﬁagﬁ‘lstpg%%g{tglfi o%s_. Clheer r%ar kers
of pancr eatplentpooginpdrtion tledreat, &8¢ bydazghaipdigestivaof seeifflang, follamsd biypt i on
factor PTF-1, and hXBP-1 and the |ike. l\/breovgr,’ certai_% of ..t he I—algF
protoths HokeRIaEs aetiiad Progemior pell pRBNENEn HespdiBrmertc AHURERBE ised as
~markers for . I ' i . | S.q,7 . Y aza; 2
e Sov By EEIEARAE sBPARE il b Muoftheence S BN sl (MICHF 2P,
express naelefifay bo@btasedvikdrh liquidndimplest suchsk bioddybly conyptifugatioms wel | as
secrete such factors as insulin, glucagon and/qr neur&p ptiﬂ;ﬁ:ﬁ Q her
markers whi ch &ngenssals sy GeFup s PrREURACS NSy HRIEbRIBY 0@ C. Yy gty

teasing apart the excised tissue or by digestion of excised tissue with collagenase (for

20  example, collagenase A), via, to illustrate, perfusion through a duct or silr_iple incubation
of, for example, teased tissue in a collagenase-containing buffer of suitable pH and tonic
strength. The prepared tissue may then, optionally, be concentrated using suitable
methods and materials, such as centrifugation through Ficol gradients for concentration
(and partial purification). The concentrated tissue then is resuspended into any suitable

25  vessel, such as tissue culture glassware or plasticware. In certain embodiments, the
tissue is allowed to form a confluent monolayer culture, from which (non-adherent cells)
NACs are formed. In other preferred embodiments, the cell suspension is placed in a
non-adhefent culture container and non-adherent spheres of progenitor cells are formed.

One salient feature of the subject method is that the starting material can be adult

30  or fetal tissue or tissue from any developmental stage. Moreover, the method can be
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5 (1989) J. Biol. Chem 12:394; Baldini et al. (1995) PNAS 2@.Jdadty 2005
vesi cl e-associ ated nenbrane protein 2 (VAMP2, Fujita-Yoshigaki et al.
(1996) J. Biol. Chem 271:13130; and N el sen et al. (I 995}J J din |nhvest
96: 1834) WY, and/ or A2B5 (Eisenbarth et al., {1979) ERAS /E8%913) In
ot her enbodi nents, the subj ect cultures of small ductal epithelial cells,
as 1o well as possibly the pancreatic progenitor cells arising therefrom
are characterized by binding to lectin(s), and preferably to a plant
lectin, apfctiddewith afl@habl smdlbapeadtsbl gggng tiateial | Aceorpingfse smeld sanfdodi ment ,
the lectin is peanut agglutinin. In other enbodinments, the lectinis

sel ect ed $f tissuenfory o denenprsi ¢ iahpingd withewt senfieaatarserigusly njuning ythe

Amar ant hug_Caudat us Lecti A e al.nj ' . 15
By - Condeon e Prod Pt Sre o RN HEBIRR, RRE Uiy 10
St r anoni UghlaeGt frdin GRRkNs sakplié.chos Bifl orus Agglutinin (DBA); Erythrina
Cristagalli Lectin (ECL, ECA); Euonynmus Europaeus Lectin (EEL); Gl anthus

Ni val i% Lect i nly Gutan e@bpdifnsntss theBanied mardy contaped ovithor geowibdastpr 9r § GSL |,

BSL P; Isolectin-B4; G.iffonia (Bapdeiraea)_ Si.oplicifoli ectin I, (GSL
P BSL | TR e AOEP PRy R Do Ll PR (PR, SRS B
Aggl uti ni 'o?\"t%ct ) seteb@b Ysord &f £ @%%E_&QGFLF, I(GF—II;XJIF,'—YGP&?'T@!FEP”
Escul entu Tomato) Lectin (LEL,”TL); Maackia Amurensis Lecdn | (MAL I);
Maacki a AbEGE aHiGF, | BGE, FDGF, HGB| hddgehdgae| VEGE Homitliee embodiménts, (iPgrpwih
Nar ci ssus Pseudonarci ssus Lectin (NPL

\NPA, DL); P t | utini PNA) ;
Phaseol usfaster garg mepigr of ithg Qﬁﬁwl?erfﬂ%'\janpgéﬁ%b)ﬁrﬁ (%%A@%@BL%%()]US 2?,5

Tet ragono in e, ; Psophocar pus Tetragonol obus Lectin
I {PTL |4e?£%ﬁﬁ§t£ﬁ§@us 0%\%9?2' Agglutinin | (RCA I, RCA120);: Ricinus

Conmuni s Aggl ulr &driaid bmbRGAwehts, 1HCGABRre isicohiapted Satha e AMMNelgati{gERentsSNA) ;
Sol anum Tuberosum (Potato) Lectin (STL, PL); Sophora Japonica Agglutinin
(SJA); Sostshares Aggléuhlerophqusithio)-adenosineny o pryslic maggphaspazts (CP Ef%MP); Ul ex
Eur opaeus, Agad uutini;n o 42, 20 January, 20 O DAL 12 / 1142~897
1" ("o 85 Toldeibie, kol pro Jemd Bl oo ST e
Succi i i yl gpeg))Wrgat-c SR Aedolihi INABuik, \Wsobheyl ancBhydedntine (IReOL)i and WA,
WFL). For instance, as shown in the attached figures, various conmponents of

humant Spanchoders texin (ise Martirsti2b . Nedrobiob 8 128 2HE(1992)) and Skyomer@MPand

|t al obcREPoRiRvE R g RREF R A e RIATRPALPRASEI I A% corm
Aggl utini n mar kSceiaftBeBbditlentiRtie dittle BebhcRaadviilSa Bididi€ of esitichbatett

conpared to WGA. | n another exanple, mamualian blood cells can be used to
obt ai n stewhceds, s fas psample hdivodgispreov iddesytydrospriisost, enfledspeagtisnaei ved

from bl ood can provide for an o extraordinarjly diyerse range.,of cell
types. Tt %gmﬁ?f]%n%r F?e#yi%%@maéfhoﬁ?’poare_ P i @°¥%§’ I yc!‘%ﬁ’%le@aanﬁEage,
eg. ByCel b§aBBadntahl Paratdiehdiyed Gedl deh8RHCTheercRINASM! 85 Dighaiv AR Yt es
and negakaryocytes, and the erythroid |ineage, eg. red blood cells.

Hermat opoi Eherapyst ki dEal.,| gp. (1S@s)263r andc 24972 106aBedonw gt vb, edscRalmyc®.J.s of at
| east two t he above |ineages in addition to produci ng daughter cells of
equi val ent 1tipotency. In 15 prefe>. Ted enbodi nents, the HSCs can give
rise to three fphQheRho® dnbeHimdnt "R WRFurel el cMActRE WithCd JAMP ElIHfing
suspensi ons ofavariety of tissue types. Bone

agent, a growth factor and a steroid or corticostercid, e.g., with the DCE cocktail

-

25  described herein.
Alternatively, or in addition, treatment with cAMP upregulating agents can be
used as described above to induce differentiation. The cell products of such a method
can include insulin-producing' cells, and more preferably, glucose-responsive insulin-

producing cells.
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marrow cells are a good source of HSCs. Bone marrow cel |l s ng¢ Jasuapeadmed
froma source of bone marrow, e.g., iliac crests, tibiae, fenora, spine, or
ot her bogg gamiikd es. Ot her sources of human henat opoi eti ¢ FITRUSIARIHIS

i nclude enbryonic yol k sac, fetal 20 liver, fetal and adult spleen, bl ood,

i ncluding adult peripheral blood and unbilical cord blood. HSCs can be
identified both by the types of cells they give rise to and by vari ous
cytol ogi cal markers. HSCs often extrude cert ai h a echst 33324
and Rhodanmi ne ifi@re( B8t iaagf'etmlaber QiriioRg Cwltir %R%ﬁ a§&‘ﬂf6§) cu %HBE% A

st ai ni ng %gpgﬁvhg S §§mg ggorilﬁla#%ﬁﬂtsbﬁ% A AE0 NG B ttqg efftlcted Of

t he circul ystem react wth tain cell nmarkers can

al so be usied the dud@mel{pftﬁelﬁm(ixplahtsf Maf 3668 .in kompdea npdes, mmbﬂpgamatysbe
t hought to specifically bind to HSCs (Mraglia et al. (1997)

90: 5013) . pRferathyhal the| explanés bg raalntagwﬂymcwsreplﬁe@c@%t efugh ;ﬂ%@éﬁ’f’“ﬁ"ﬁ t he

brai n and ol eL.i st &, | uIe
has been ?%@ﬁ?t%?%ﬂc%%gtﬁa@mf“@m hjtﬁnean@ﬁ@@é? -da?can&ﬁreo}t?[gglf u

i denti fyi ngivAaGea Jfledrt®in @é@emtm %@ﬁ)ﬂl@tﬁbﬁ@ﬁﬁ 2O, 14 /pkefehsd embodiment,
PCT/ US(I1t/2a897 Pat ent 08). ivlany HSCs are CD34+ and/or CD3S+

as wel | ( paSredtiat dnctaN@pxtaelam isgoptured o dsncare’'snmedifadcMEYY relbruliehaye
some vari ation |n ce markers.and a [ t ,TRy be
made on tI‘FeP'dHH‘%P"Q Ft%y dehyeh iy Xantye "%131%‘5{4“9 {44 %%g\}sgﬁ% dtf%Prog cal
markers. gy H3Sh &l heilone o?%m% st B&?ér?é&eéinlﬁdd?ﬁb@ﬁs hertheaientloh,f e endwitat ed
cell types by the absence of certain markers. CD3, CD7, CDB, CD10, CDi4,

CDl S, 16D1%actéD20 otired nGRRBnigragents |areuyq@um&mde¢ inseprmayoRediser, makEnalsence

of several _of the above .marker add ~denc the deptific
HSCS VIVbr;S’ 61““0@9&@? ‘\él‘%'oh Ptpgt? Egte Feﬁﬁe‘é @?usﬁsf’ra Eé'u@egfg%ove i 0

i's “ndﬁhﬁﬁﬁﬂ&s A}% g@gg tg%elﬂg%béﬁde@d:x PEQ aggregation of multiple

tral ts e presence of certai'n markers and the absence
of other markers.a prefasddt a:mbodmmnt, isteire a¢llsomrecpgishedobedayps ohithajr aRIE foe

Lo i 11 or €ty ot the Sheeamecd berenr, E@%@H%ﬁg iy te SoRr Blaffere. o
cel I's ,may Iﬁcﬁ%%tﬂnteuﬁs%%éﬂ Bf the ﬁ{g’s x Qlrk< BRE thE HeMeSIUC BreaShidined SERY & s

Modi f i ed drum (> general ly conposed of salts; anuno
aci ds, Vi tcaltimeswhéemin baidtstas wilg defieb fomtihg seduare not Gul fixedeer Sﬁl@pﬁ‘@dent ed

wth hydrocortlsonetendto give rise to elqgid cells |Ie cul
| acki ng c6&pRiatorith pewdaserldhs euliyre ¥esse) %W%ﬁﬁ@&?@?ﬂaﬁsd ) SR that

riocs can devel qR st gteltl%e%fmﬁ ey bldplitbr delIE G be (1LY iR BHRaLAtRnal
met hods can be use or exanpl e cul I'ng on yl cellul 0se cul ture

can sti nuldate ﬁs@l{gﬁatm@ﬂol@fer&hteﬁnemaﬁ stegel s Pafdibdfic Rateint tidois entireB4@e880 and
5,914, 108; Metcalt (1977) In: Recent Resuits in C%F Reseay ch 6

Spri ngér - vheseagaseerﬂqume ph stem. peljy beqapse, it fpg KRSt %‘ﬁﬂl‘aé & (et S2RTEtay be
|solatedfr mI|v ti I e [ 'HistbSical

mar kers. S¥EH el Svﬁofrfplég ?/Ibtiyse!cbg‘{ﬂfegﬂéxa%(rie%g%seg&fr% ﬂn%]rt é;%%h? Xaa Et 125@\?\,1a not -

express Liynit thet anehiderendoeidy prgesitdrostlineetivityt h&hs m]bpaf.mftem:ttr og@anctramccel S
can be inplanted into one of a nunber of regener atio

n node sed in the
art, e.g: epahfﬂnm oantsm&rmvm%e mesenchyrae fofomevipal W@P 8? 1SRpeRy
st rept 0z0Cij ngt t men | d
Accor di ngI‘Vs eﬁ%’?n itég g‘t@%%ﬂg%)rﬁe %tr{'taﬁlsﬁovfwen Clpg%h&%'éer %\162 tm?) the s
progeny Of(Wessels and Cohen, 1967). More recent work using gene knockout technology
demonstrated that the loss of dorsal pancreatic mesenchyme correlated with the loss of
the developing pancreatic epithelium (Ahlgren, et al. 1997) and _conseqt_l__e_ntly the
absence of pancreas formation from the dorsal bud. Respecification of pancreatic
mesenchyme identity to smooth muscle by sonic hedgehog protein also resulted in

30  deranged pancreatic epithelial outgrowth (Apelqvist et al. 1997). From these results in
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progenitor cells, e.g. those cells which have been derived fromthe cells

of the initial explant culture. Such progeny can include S en
gener at i‘&ﬂé’zfd?”ﬁr ogenitor cells, as well as |ineage comm ?&@Hg\@éﬁ?}g

generated by inducing differentiation of the subject progenitor cells after
their isolation fromthe explant, e.g., induced zn 5 vitro. Another aspect
of the invention relates to cellular conpositions enriched for progenitor

cells, ortht laevda@ﬁﬁ%pwadr%t @Gfas HyBo@esika thateib editimhip, bdWeerCabdegehitild be
provi ded as part of a pharmaceutical preparation, e.qg., a sterile, free of

t he presenée epifhelinmamayd continis, todet Birioraly stesiany fundie) adydit heyens, as

wel | as pyrogen;fr lo preparation: .That is or human adm ni stration, the
subj ect c% “943?%‘5?5{?58%@ e ﬁsgﬁlnﬁogreéléfls gug%;elg}q , _pyrogenicity, general
safety and purpryhiptismdeddaudsfirh@eits afle RonipRledXdfi §esiﬁéle_5é;9ﬂh@mlcﬁger

standards. In certain enbodi nents, such cellular conpositions can be used
for tsansyuzenndad bn mesemchamahdirena pndfoentabl fewyafmay s diffenentiated rendoerine

preferably humaps. .15 The cells can be autol ogous,, al | ogenei c .or xenogeneic
Wi th respBlE. tRREhUe fUSHS A7 ST oh HBLE: YenOHe s PscPesee of RubRE

i nventi onpgldleeseIl @gﬂﬁ ang fé.'[s%nﬁcﬁéﬂtﬁp pRigeh®bradelIQ coBRbMESn P ADE2AkIH £l IS to
treat Type 1 di abet mellitus. Yet another aspect of the present invention

concer ns iosilinAndrangydase pwhichonightduntdbutatol thel éormasion of diffarteiateddefrontnt |
substantial |l y,.pure preparatjons of -the supject 2 rogenjtor cells, or the
progeny tlﬁe?@%’n@@’l%l SB%ﬁrV‘E‘L %ﬁ”f“?rﬁfﬁ%ceo?rb tahéo'bardgglg’lqg ‘fqrik/@f:ﬂei BrFVidiude not
only pubStABIBEY Yo PAHcRaBEREN eﬁﬂt&g.s TRE nliBernQ PeRlick@¥s Stathishova el Gaje al so

i nclude cell culture conponents, e.g., culture nedia including anmno acids,
met al s, coeaffyored bpthoadditias ofiebdiomsfasios] bnpopnbiatiian st shickoepydogblyi t or
cells, e.qg,, so f which y arise by subsequent djfferentiation of

i sol at ed IFpdsde he gqrrr@élpwfcnfpanqwawMCH%WMﬁ%ve&?F%-h@? ﬁ%‘fse, Ok fiala thus
non-cel | LAGLAES J . . Ak onent
sui t abl e%#] géesgﬂ%@ tﬁ?\_da!g?qlﬁart P %Bﬁ }?m%&‘lé%tg Jo?%ﬂ?éscfehngcg?!de?l#gﬁlg%tag@i on,
e.g., conrdultoteaystem,) wthivlenovwisnakesnpossibiethe dd sivaf stadinofibett eeli ngpgetezisemdgeni t or
cells of the present inventjon to subjects, parti culﬁr Ify H_‘uman subj ect s,
whi cHSar @lweRvidsed first gtapain thearassss of producingaketa rls oo Hedreatmentit at i on

of the c 0 ites in the subjects, the cells of - 45 20
January g%%ém\%bg&%igfs%e% /USII1/2aA97 the invention can be inserted into
a delivery devitdeshuvwsclor ttachidst fimb @lsat ifiiictionhl Gktadilkenellsican ®e bh@atmedvia in

i mpl antation, of the cells into the subjects, Such delivery devices include
t ubes, e.v§ro &gt waltaies suggssts Hiceptesensecand actyistion |afi asprogemtor sllpEem of a

R L L R RS
be i nbrodheed préfewed BRbSAIRIAE tthé butied @sdtli®Tcadnasaiisedno produce islet-like cell
clusters ("ICC") containing a high percentage of B-epithelial cells with increased insulin
production. |
Moreover, as demonstrated in the appended examples, the subject cellular
compositions can be used to rescue diabetic mice.

25 Accordingly, in one embodiment, the invention provides a method for isolating
pancreatic progeriitor cells. In general, the method includes the steps of obtaining
pancreatic ductal cells; culturing the pancreatic cells in a suitable nutrient medium;
isolating a population of progenitor cells from said culture. In preferred embodiments,

the ductal epithelial cells are obtained from intralobular ducts. For instance, the

30  pancreatic ductal epithelial cells can be obtained by enzymatic digestion or other
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The progenitor cells of the invention can be inserted into 2odansrg@ddvery
device, e.g., a syringe, in different forns. For exanple, the cells can be
suspendeg.d #8450l uti on or enbedded in a support matrix wren/usontsbned in
such a delivery device. As used herein, the term"solution” includes a
pharmaceutically acceptable carrier or diluent in 1o which the cells of the
i nvention remain viable. Pharmaceutically acceptable carriers and diluents

i ncl ude sal i ne, aqueous buffer sqlutions,  solvent nd/ or di spersi on nedi a.
The use omeshasicat separatian g dueiel %é&@%m?s The! pangrs adiuﬁ{”'i) ﬁ%l?sa?f?.gf‘rﬁ’é%
solution is preferabl (=TeTmE | Ayt henedenh: At caBadYisolated

syri ngabi F?@eg‘gﬁ’sef " %isr?éé?@&éﬁlaaﬂ %@Ié}s'olvtﬂ%l%’n ins slt abl e un%er tlﬁ%a

condi ti ongoff th@ﬁﬂl%h@&k?bﬁ@nﬂl}daﬁér(ﬁ@gﬁelﬁmﬁ the eskure editlagmiageit(sh et igduce
contam nating action of mcroorganisns such as bhacteria and funeg,i'itét hr.ough

the use optolifesetien(differentiagian sbamacreatin Biogsuioirrslls fmabe adbared ahitbelinli o

hi I he like. . Soluti [ il g oD
| ncor por attiig o5 ogeEseleaty it nERaeRed Y MERRNGRT, CARIRE B PRRtaRY)

accept abl groeafitd:@el19r diluent and, as required, other ingredients
enuner at ed above, followed by filtered sterilization. zq Support&mi ces
in which the pAogtertaspededf she aresort inveriigpraleed tor cunbaduedtivh

matrices ich are recipjent-conpatible i : et s

Whi ch ar eCibtnggrnt cabbs Hisd @Caal Froffifert &1 ARgiATEud bepRiatE

bi odegr adgRenifmt IGe Ty Mi§ rE&eRdPhE Snidhticn ¢blatesttd ithe use dfucAlPhilovitigeadabl e
matrices tnclude plasna clots, e.g., derived froma manmal, and col | agen

mat ri ¢ces. agupht toanioceeodivgrthel ptolidemten andedi feentindon gbpangrratie cells prafifer s

h | yanhydri des, pol yorthoest d. pal y! act ' ,
oxa| o5 VLG REHE oo Sots HETbAS 1 st sPsPaPERY e hREHan: ng
cel | s i nt g 11 S0 iIREN 8F dANIPaldonisBE® utidints Whih hived iseh No.

g%ﬁt ¢
4,298, 002 an%ﬁﬁfa : P’atent No. 5,308, 701. These natrices provide support and
pr ot ect i ofrafisplantdde Witlagiaheregticogiesvie; @5 wall |as fonpatiapés svhichabave ehogcdt Bie, the

Feci pi ent BBy EbpRIcroA Rettorbagt, Siadt SeBoseNgorre A PMER LT 0TS S | £
e prl?rseggghﬂéslsggélixﬁg Pg%ﬁﬁoﬁﬁgﬁ\ﬁbﬂ@e@t SB5E Sekd R M.ng YRS R0 AHON cati Vel S

whi ch ‘Tan eutically for treatnment of various disorders
associ at edsad grbpliyisatichilgi ent functioning of the pancreas. To illustrate,

t he subj ect progenitor_cells can, be used ip the treatment or, 5, prophyl axi s
of a variety of\ngthsssaligntdegprsoplieriain %’gt?‘?ﬁﬁ%’ﬁﬁté rqfﬁﬁe éﬁe% FBSRY E@}ce%r

i nst ance, 0 i 1,0 > . r . . : ok

di fferent F%?gsg %fg%gﬂggtc{u}:ﬁ%e{:ﬁ iorst%rﬁxé%égfa?mgaagg e%gg%tlﬁgﬂggﬁéi giﬂ&r ’

paner eat e?i-dgafﬁixor&eg.pop&lmibﬁ&_on of a portion of the pancreas. Likew se, such
cell populations can be used to regenerate or r%?I ace Bancreati c t]i§§%ue
Ht e:

| oss @lie to, pAiAEiesiansey as descaibgd belowy ithe, Progsmtat SQUrR: HIcleh tsspp P

such as panes i 1).Saq: , It d | ¥ SHigingf r 41C
C1ssue caBbLyTRy decdigfrly on bebile LAfkalburl BnBDP YOV iR BRAIT
embodi menprogefisSWhicCin RROaRNHlbeId itaht sultae hedipmoanddedwhoThp panceerts
suffering fromany insulin-deficiency disorder. For i rflg,t aﬁce, ach year,
over 73S, do¢ premdratiorssre peranitied teoexpandangl Hymod BENaRYer i SeEHR MNFS Efrs di e

fromthe 15,dj seas nd_its;canplicatl ; { Vet I RAshe
United St &t %%Ct?ﬁse%ggﬁagdn A9 @o?fﬁlg&%ﬁ( ﬁg‘ﬁgg‘%gé’?é ’ at}{gq?éfég%)g T en?%:S e

260: 929- 926kentDnadie tpeeferably BAORY o the elishyte pdnZatie poditivd, sloatendasineumtd on or
dysfunction | eading to | oss of glucose control. Diabet SS mel itu&@i s%ts

met abol i ¢ piliferativg. d¥Rbleenoydhernt pebs ENAE sy cap hedsplaief | fjora) tas spitere) Wyel s

of bl ood gl.ucose erglycem a I nSuk | ﬂ,fapg n T i

nel |itus gﬂﬁﬂ?ﬁ )a(jgé%?{egﬁ‘fc{%anf"rr‘)c?”?‘aRhésaétljéts{s)kll m‘runéelg‘r%bg}eg Té]gﬁéé)s‘e £ ?{&?tg ﬁ%ﬁéof t he
pancreati @nﬁ&egqbfﬁaﬁ&éa@c%g@ﬂgyﬁmlsj oss of insulin production, which
results in hyperglycem a. "Type 1 diabetics require insulin repl acgge&t

therapy to ensiWehave elsoaliscoiernd ihrat dhétal eadlsof dasmsubjery gltures, gind lag

mel litus ("N>DDM') is_.initial ch cierpzed . Lolycen:a. |

preserife %‘Flmﬁ‘gg'ﬁeﬁ‘-et ﬁ“alh’-rﬁ’of:‘??allb\él %‘9@?"? %%e%lo sr?améf%g‘fil%lt%%yg@i ll’e]}ghl,ﬁtl E’em’ a) .
In Type 2 diabetes, 25 tissue processes which control carbohydrate

nmet abol i sm are believed to have decreas&2l-sensitivity to insulin.
Progression of the Type 2 diabetic state is associated with increasing
concentrations of blood glucose, and coupled with a relative decrease in
the rate of glucose-induced insulin secretion. The primry aimof treatnent

in both forns of diabetes nellitus is the same, 30 nanely, the reduction of
bl ood gl ucose levels to as near normal as possible. Treatnment -47 -m




20 January 2005 WO 112/12s2 PCT/ US11112. 1R97 of Type 1 di abg2d danuany208%s
adm ni stration of replacenent doses of insulin. Wcontrast, treatnent of
Type 2 diabetes _frequently does not require adm nistration of insulin. For
exanpl e, WAP¥1%P? t herapy of Type 2 diabetes may be based &¢T&¥H/28HY

| ifestyl e changes augnented by therapy with oral hypogl ycem c agents such
as sulfonylurea. Insulin 5 therapy may be required, however, especially in
the | ater stages of the disease, to produce control of hyperglycema in an

attenpt t glubielidntizdaisdaplet G dahs uedd fohegdifstiise, FADS 6hothBycelirsosingf 1am
i sl et exhaustion. Mre recently, tissue-engineering approaches to treatnent
have focu8tgr sHbodungps.dheilpgiicheas banJerpebiged fon wupapilizationy gigal ooy a solid

encapsul a i t vVQi [ e jectio Thre ener al
appr oachot s S BRTPUENE A M8 R RrsBHE Dok eRid e 1S 3R
- menbrane iggtiaodrafledepraphRy Shdl@del thatluerRta Madink SheebSdast RoniRARE 3eink S
connected to a polyner graph that in turn connects the device to bl ood

vessel . Byd hintinglakest leohnsomarkstedrisnBeetpre L gearatetips, IIhe.yof Buslingame Gl dw free
di ffusion_of. glucose,and, i in bhack .and forth fhrough_.the nmenbrane et
ol ock " paBBlgt-LFREReRROM 4B i 165 pRTfIseGhetd RoRIGiEEN S Sagie:
mai nt ai neg%élﬂtirﬁﬁ.nﬁf BeHee ChitBdARsht A M Mctin ik @alee@d VitdA m@@@eéqngﬁtiﬁégkl ivan
w fi

et al. {1991) Science 252:718). In a second approach, hollo ers

cont ai ni ngléwsiacpurastih Leain ¢ Addyypbivarangitnsi Gaudatisd.qstih (84 c HCAY Bahyiimat e.
When th i . [t it L1y, in diabeti imal s, bl ood
gl ucose. | EPRMER MR STy B S PGBa ICa Sangh shrERY ey eedethvid 20
(Laceyp et (@n A);L%-ass&gﬁl%lﬁﬁn?iééﬁln7%ésL?;FDBﬁalkaé, Bﬁfdrilxs; YRifegppAaced in

m:cr ocapsul es conposed of alginate or polyacryl ates. sone cases, ‘ani mal s
t reat ed wEttthtitee deristagatli otaqgsul (E€LyraECAY feubnyomusolyopeerisa Ifeotin ofEEL ) wo
years (Li t al . .(1980) Scj e : 908 Shea et al.. .(1984) Bi irn.

Bi ocdzys. CRERGUS Db 1533%“@@% Chittongy ?Baeg%@ﬁ?ﬁraalﬁfohéﬁfcﬂéé GELIT 25
| nt ern. . [ nal s by : in. and
Lim et al P Thodytepi Bl AR (SindBlrae SANIPlyERVEE ROEL T BOE T

“t r anspl anHgtpesstrumt FhbedilestindHEL; A19; Lensgy€ulinaisi Agdleatimol.C4, dEHutdnwns

islets, The progepitor cel of the i.nventiQn can _be used for treatnent of
di abef®s ﬁ@&%&gglogﬂ% eméﬁ%)é Lypppersicon Bsenlpntemarhomaind boatis WEL o 1o
pancreati LIRL AYE refi iNAE T I Ml '5@;1‘ | t he

i nventi onmgg‘lhlaﬁe cJF?SngégCtlﬁﬁl It rg),g\ﬁ%agrﬂac%%ﬁe{ﬁlg%ﬁé&%gﬂ( gﬁ’\]lg%ﬁ@%/ 2005
W O 1121 12dmifereTdtiSOMPLY' WarcishiscPseadonateisdulsi Iegctin nIPEe NIvesSPLY;ePdatut 0
differentiate _i,ntgpmatur pancreati¢c cells, or thei( can undergo

di f f er entMEEIPERD; RPN A% PhateslusnVplgatis etigintieina (B} eRisumpgagvimpt BSds: f or
| apd b s t i slet
ol To. pr oLneHeb NS TR, LGP L WHA B PEBn Barba” PULEBRB0bES 5 1

fiberm cabedna IP(RTI IIs WRA Al Rividis dtprentihiy Agphdtiih MROATIRCAI20% Redinge! | s
(Aebi scher et al. U S. Patent No. 4,892 538; Aebischer et al. U S. Patent
No. 5, 106-emmunisofresitingt IR (RCA 3508 CAGRx ten)i Sembrcuy NogrgoEREL, SHéder et

G T T S e e
Soybean Agglutinin (SBA); Ulex Europaeus Agglutinin I (UEA I); Ulex Europaeus
Aggluutinin II (UEA II); Vicia Villosa Lectin (VVA, VVL); Wheat Germ Agglutinin

25 (WGA); Succinylated Wheat Germ Agglutinin; and Wisteria Floribunda Lectin (WFA,
WFL).

‘In certain embodiments, the dissociated monolayers derived from the ductal
explants can be sorted by presence of A2B5 epitope, e.g., the ability to be bound by the
A2B5 monoclonal antibody (Eisenbarth et al, (1979) PNAS 76:4913), or other

30  glycolipids present on astrocytes, such as gangliosides like GM3 or GD3.
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acts to forma polyneric coat about the (i islet cells (T,ipoUaSuarfao@nt
No. 4,391,909; to Sefton U S. Patent No. 4,353,888; Suganori et al. (1989)
Tra~zs. Am. Artif. Intern. O gans 35:791-799; Sefton et al "

Bi ot ehnol". ‘Bi"&é"nzg. 29:1135-1143; and Aebi scher et al. (19&(:5!‘{%5?2%%85%6“ al s
12: 50-55). In certain enbodunents, the cells of the invention nmay al so be
used for the treatnent of, for exanple, diseases of the liver, or disorders
of insufficient production of 15 blood cells, such as thronmbocytaopeni as,
anem as or f or Mdrenep) wahivegimierpastadisdfoand drat alsembpmatipn of ermdng feelcstisai n

enbodi nents, the cells of the ihvention nay, al be used for t t ment

of nmyocar&i Epnelarssevlh FfP%TWeHb?PSFJ‘Sﬂ C@@‘Hﬁiﬂ’%‘h cﬁégt? Fﬁg?q%%egﬁs p\;:&;f%%eE afl

infection. ln. c L& eppRdi S, doseiortcBBs. i RGeS, enathgo be

used to t?’glgta’se;(;{l@%tg%lons %Efg'gkéjla{e@g?ﬁ@ntg@feoéecgesner atiorf%([)yr darra%g, for

exanpl e, @usaWeHE hayes groopht. coMineme €eellsicovertity thi snrfaee qfrowilainplate)sdar ce of

I npl antabl e cells, either in the form.of the Erocggeni tor c
t

] 1) | atj.on of
the di¥ f ercdlatdant baitrprtedevith e wédddrlevating agjtd f‘éﬁPscaB%gﬁ?f%’g’?é op of
produce cul t ures,of ner. l.c..cel !l AN bk ' of
secret ed FXHFELS lgbgﬁel %%]?'%%cugt,o lgu ?%}Iregg t%g@&%g&ﬁ%ﬁgﬂ%&%@g@ gﬁgour ce
of insul i PsulRBpkddBiticSa otROHdbEreCH éxocsite cells. bAc@rdnplyedamafully dfimede f or
pancreatin. Yel anot her aspect of the present i qventi on Er ovi des gﬁst hods
for screesindifiomsrianihe asqrisedindihe cyluierssi as sekctively aptvatp AISFEetePYPUIRHRS

roliferation,or differentiatjo f disti - E tons
P %‘é‘%hrscmda)&t é?sug F?prﬁ'g#l gihg Lll'g%&lﬁtjop %.{‘Ld Wlﬁ&g{ﬂ[}lartw Cgl?é bf 8P }Bgéﬂt

f r om panc? ure. ITn an i1lTustrative enbodi nent,

the sypj egleMAPER BOmAEddS andtdsdduehity BoRgEom deecubdaraised to 30 screen
vari ous conpounds or natural products. Such explants can be i.ntained in

- 49 20 Januhr gere@d5in\aach apexppadedaiuspiocpdigF PORMSTHalsized| KiheaCtik di a

for extende er i ods_( | e.q.. for 7- Y ) RAR .be
cont act ed® tES éh? @Bﬁ%tlgﬁwg.cb‘&fmsﬁ%ﬁt?mmﬁ%czl %0@? Latg W%F progu%%,g"e. g.,
growt h T ag)ifhinotd, ARARNITHAfhel CELEMA TMI QBT celbaplaipdybtem @stioof Inoel | Ul ar
growm h, pro |]1,‘l§’raf| on or differentiation of progenitor cells in }sgerhe

;

expl ant . Qeteattown, M), 5s geaded | witle at primanyf cudfuesyoh husps Ipeneeatic 6]
differentjation qQf these cells in.response to Y ides a

* means ¥ or bigERASHHi Pﬁ%“?‘aﬁew@b ABt ?’s°°%ﬁ?t8 ﬁ?@&?%gﬁcﬁlﬁgﬁg%gggf %éﬁﬂ '

growt h, palsgfigrbérgﬁ&-?i&:or Lefife dbddesf-fitn 8t g, ndey BPpropedtal c AP eletatinket hods

of measuri Iferation are well "known in the art and nost commonly
i ncl ude dggeatsyi THenBreplikeliy ntlbesntasinatpistetdibe ickusters oin genl be bpvested. i@ls There

are nunerous io nethods in the art for asuri DNA synt hesi s,. any_of
whi ch nmaynisE be cdyeRIes RN grien 1@ HEse| ﬂi/éﬁ%eql%ﬁ‘.i E% aﬁa‘%ﬁ%of?ynéﬁﬁs-“%f&t %12’
I nvention S i en determ ned using a radioactive | abel
(' Bt hyni Efar[’i)llé\llfﬁan%réﬁf’g%l ettt

0 abe oti de anal ogues (BrdLT) for detection by

i mungg | uor esc qmeuinites nefyfieaasytaniedtih eny suipblechlmavdseslanshes ad 2tey 24
generating dose response curves from d(?ta obt ai.nai:d Si ng var. i QuS 1
concent r avieBnmiesppletee and may be maintaine culture Conditions for cells

under typic
isolated from the same animal, e.g., such as 37°C in 5% CO,. The cultures may be

shaken for improved aeration, the speed of shaking being, for example, 12 rpm.
In order to isolate progenitor cells from the ductal cultures, it will generally be
25  desirable to contact the explant with an agent which causes proliferation of one or more
populations of progenitor cells in the explant. For instance, a mitogen, €.g., 2 substance
that induces mitosis and cell transformation, can be used to detect a progenitor cell
populaﬁﬁn in the explant, and where desirable, to cause the amplification of that
population. To illustrate, a purified or semi-purifed preparation of 2 growth factor can

30  be applied to the culture. Induction of progenitor cells which respond to the applied
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15 conpound. A control assay can also be perfornmed to provi geJanuzsg2005e
for conparison. ldentification of the progenitor cell popul ations)

anplified in response to a given test agent can be carried out according to
such phewotogpe#ig as described above. (iv) Exenplificati onPGRESIHAEHL i on now
being generally described, it will be nore readily understood 20 by
reference to the foll owi ng exanpl es which are included nerely for purposes
of illustration of certain aspects and enbodi nents of the present

i nvention, and I I Q. b & LY RRERR ceB¥anpb®eler,
| sol ati ongrSP%bg%E:trregﬁ (‘:jb &‘re%gggﬁ%?ro&{%{émmgﬁwg ’2’5l 1Duc(% i sol at ieorl; _gsnd
cul ture PanerBat delbomnipifichtidit ef theofopilatimeknest doSprague- Ddke extat ipups

were isolated and placed into 10ml of (lU mnm in DVEM .Col | agenase A
( Boehr i ngadeMarishsemgin Stchnioges By isohdingtReSERANSTE PO -at 37C in a shaki ng

wat er bath at 150-175r pm ' _ j hegk once
with Ca~' ~"/ I\/gﬁ1 y?troégerﬁgggﬁp%@%gﬁ%%%’@g%h gngsﬁé&?%l{)&aﬁn}?ﬁé&l %{aggl%gﬁpel | et was
resuspendeg b RSSdand fdelibt Ry€s, &8I, dughs af $adpncelBOntich ROrefamuductve2005
WO 112/ 121s2 PCT/ USI I t/2~N97 mesh (Costar Corning, Ca@ri dge NAla and
washed agfactors Shpolyaierietlasresconiainiap endicdve Sctesd Fope e, 3 Bifrigah daver
transferred fo a cm, cul t ur L. at e r Al ; ra
di ssecti n‘&‘nsgﬁd'@‘?&&ﬂdfq@lfcﬁu% ke cotleqf‘cr %1%%1?#02 Cvf\:/eﬁ(r)émsa{ei?aé%?%%d fﬁggginlrﬂg?f on
with a m&éﬁ;;%ﬂ?@@%&ﬁn RY (NBATEE' (C6lldberative| Résearclyningi, MBedfordp diassvis ta
serum The'5 fragnents were selected fromthis plate a second ttjoqrxrle

t r ansf er r esnplex anftes hoft osEixoindnesgodated maatersls dprivddas el 1KEHAB MoPRIBR | ng

pl ated. Fragnents re cultured an.plastic.li : bl
(G bcH: BRY3SERGHE @Pﬁ\gﬁ%}:@wﬂﬁtﬁ‘é§ c(oé';lﬁtérgg @ﬁ@m’nﬁﬁt ] gfn%lg’n%?%g%% gg’n% rep
G bco-B u byt hvd il web prépaggiieftm, thd KHS tumoeagr own
(()n 8 wel Mﬁg{rgfe?té%%g’sg%,dLg{)dPgﬁFﬂngg%lﬁtvi | elj;rL). For generatin _13g
nonol ayer desoribéd\&ieinmac et a1, dBasentest MembrancaCenpleses wilk ﬁomcrﬂ 6408‘(18’5’ (Nunc)

Cont | uencBIcGamR) [§plaby (D5Ph R o218 o Qburhen STRRAT R B bRidedy i ¢,
2% PBS, Al ol N R SURR 8N RRR IRl hRSARBEhNengihgetad cclbolaer ke Toxi

(100ng/ m " , ( Ong/m, G bco). NAGS were harvested after 48
hour s15 15pdoridedas feddec lageds 3¢ the iGidttgnkteres.duct s, and non-adherent cells were

fired in 1 % paraf or mal d d. i1ized i | oD %
T i fon. 100 ( PSTESHAdpAURRF Al taIarg o1 coe e e R BB PR | on

~.in a blockjn r_ GOQS| '-@?p 0_&]1{)@2 9 REYdus e iRredaticaqf the
Im*runoResga g%?%{r? °i’&%%§§%?’g§%na ?cr{ PB @b%ﬁlgagﬁqugﬁdi es}r were 20 d?l ut ed
in this bbgakengelbf ehdodrive udragtoarine yibehotgpésnahy yeinethpo ¢mbedineendarthe ed out
overnight at 4oCin a humdified chanber. K Pri ant i bodj es used e:
gui nea pi §ivantien corfamplates the &y vive t,rat%hgfgg ingﬂlggﬁ éon?%'lggfsn“s[hd n
(Biodgsigp, direct!y ' Dt ian 2415 | WlickiHavk aGied
A G 1
ant i - somafRShpkdved(dahomeBtitaperformce, espobiatly afigluc®s-dopendentinpeipisicretiopt i de
(Zynmed, 1:50); rabbit anti-anylase (Sigma, :15002:, agﬁ r abbi t n%'ia- PDX- 1
(gift of Chri simpight ofphegpresenaiglosyies &Wﬂ]: D ERRArCEdR SAYAr Y t_hﬁta%b i s and
tertiary LERSENrlELe: ST Tianidaahat dankeicanhic G aamptty Bfibdackson

| nunoRes&ar -conj ugate anti-guinea pig, rabbit, or

mouse | gGafubagdseding Asshf) WhickhinpegulaecsriMPatependinnkaiyitinst For example.dhe nouse
| gG (Jackson, 1:500); 30 AvidinD FITC (Vector Jabs, . 1: 1000,2.'
st repeavi dubjectymethwdcasiohe crripdopyt. using |cgmpgp.rg;{s_g chynay activate adenylate

cyclase including forskolin (FK), cholera toxin (CT), pertussis toxin (PT),
prostaglandins (e.g., PGE-1 and PGE-2), colforsin and B-adrenergic receptor agonists. f§

-Adrenergic receptor agonists (sometimes referred to herein as “B-adrenergic agonists™)
include albuterol, bambuterol, Dbitoltercl, carbuterol, clenbuterol, clorprenaline,

30  denopamine, dioxethedrine, dopexamine, ephedrine, epinephrine, etafedrine,
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20 January 2005 WO (12/12J3S2 PCT/I1SI 1t 121R97 scored on a N0 danmuaBc200ise
E800 epifluorescent or N kon D aphot 300 inverted fluorescent/ghase

phot om croscope. Sinele cell cDNA anylification and PCR a ,ngg, §JNAs from
singl e c¥PI/Iwdfe anplified according to Brady et al. (19 5 Dul ac

and Axel (1995). Single NACs were randonmly picked and transferred into PCR
tubes containing ice-cold lysis buffer. The first strand cDNA synt hesis and
subsequent PCR anplification were perforned exactly as described (Dul ac and

Axel , 1995) teRRER fofabfetdNshesepenplatel oibopalnine, as¢ahaineyol une
of 50 ~1 | gﬁ%?m‘% 534% eThe grrpl i fed CDN%Z\S were el ect%ophor sed on a 1%

agar ose qed;prambnbmembmem,f 1nBN;prrcfteremlagn@h@>§’Ph@W@@He’f eBrsdsins, Pirpuigiplag

expected. The aliquots i Vi dual Dl\lAs a d rker
genes by m@raltmlner%ﬁfé&?r Pré’t Lepipdeel T Wﬁeﬂeﬂtﬁr@%& %%rgﬁﬁé?%ﬁ{eﬁgaf or 35

cycl es eag 4 Ltegdtn, and 72C for 2 mn. Anpliner
sequencegt M%lngﬁ%%m%&g&MT GAATTCTza~ insuljn; 5
priners, 15 mce&epe@&ecwme inBibitordAMP | plpssthaticst qzrb@h@@\‘ee

_ .
G ucagon- inSieey herbelr HEOEAGNAHCR CEEs YY1 1] Su*arr*rrer% %\%W%%%@g =

TTCATT GATGT TGIG a Ahfaadielidé; TCil86mideC CCA
AAA G 3 mﬁ %@’Aé?q%&te%&%%&% ﬁnet kmmﬁnsuﬁr n rel eélse assay

I nsulin rﬁg@mn@e%d@ﬁa&ur@ﬁ tie]3-isobatyld -mﬂhyil&amthmn EBNED |Cbﬁ1§r}m1§irﬁ‘g NACs,
i sol at ed ducts, nonol ayer ceF or batcges of 10 |sIP§ do eﬁ{acin5| ets
were prei citasbapkd elecqcnrtmoa-ﬁ@s Iﬂlﬁiﬂiw PRGEph 1RO £ SPIPIRREP) % al-ning 3 mv

d ucose ( and 0. 2% BS A% ibcamlite. Supernat ant was
col | et ediﬁﬁﬁ)ﬂrﬁ%ﬁ AR ?nﬁiefg once 1Egﬂr&ore ;I% ?ﬁrierer ncubation in 17 nM
glucose for 1 bf@ﬁﬁmadina ggofmm? Sdlpewhidtame agamstsrnémwrwdao bagsed |

sanpl es were kept at

Cuntil the insuljn- specrfrcrad a
per f or rredEu&nplgr;acM auiatogs svhichamaybp apefp e the Bresent medh lfdmdmgg’ %ﬁ%a

content Oééﬁ%ﬁ”@%m@é L N e

prior to ﬁ‘%@ﬁ‘{‘)ﬂ"mm% g-HEs- 2B dtoxobmnhitlidFAdPi n HbRged-0sMibl ti ng

agarose m

ffer 5 and dye-loaded for, 1 hour
t enperst udﬁ)cwrnbjrl -GAME, Sptade®sa@e3 dxy)f%tpﬂﬂsp (OA aHpiasis, §rP1PWHf’é% ﬁmlpg@obes)

in standard Kre has ( ] . t I ARAMt ai ned
0. 1% pl ur Bh%DY&GRW I\gg}gg}!r gr"%\gg’) éggﬁém%g hggrr% T%BF cﬁ o:i?%gk( }ér gma) .

Cel I's wer gstRenyashed e, F aoyO-axaedaylreand bﬁme&ﬂbuWIecMeatze@-

m cr oscope 8t age ympusj and mai nt ai ned at 32C.. Fl u%utrylzu&%r esc

monobutyryl-cAMP 2'-O-monobutryl-8-bromo-cAMP, N°-mono oxy-c

and 2-O-monosuccinyl-cAMP.
20 Above-listed compounds useful in the subject methods may be modified to

increase the bioavailability, activity, or other pharmacologically relevant property of the

compound. For example, forskolin has the formula:

Forskolin

25
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i ointensity was used as an indicator of intracellular cal20Jamuary 2005
concentration and was neaswed with a confocal |aser-scanning m croscope

(A ynpus). The excitation wavel ength was set to 488 nm ( X i Qn..} aser)
and a 430 (#1%¥f2 | ens was used. The sane paraneters for Iga'rser rgs":]:g%hr)l% ng were
set for each experinent, including confocal aperture and |laser intensity.
The | aser scanning was perforned as an XYT series with an 15 interval of 10
seconds between each scan in order to resolve glucose-induced changes in
intracel | ul ar \gakigismns BreroldMBah Nohith hase wemefosh® e dnasskestibdgduehilicy

anal yzed vvithl\l%ﬁad%\/l E\Illeoftware (Aynpus). Cells of interest were circled
and t he whancindhsikbiinofithoneseveraly atenapingthodesipdbielegicalastivity wldRESULTS

St bl | et Phoe oG e dy L [ Hm BB R st Eopl Bl P
ducts wag hr%gyhﬂltceé% fgl%ugﬁgﬁ%}xgﬂuﬁ&dwhé@lﬂ totd sstaed KoM d hdrophilib agid
was Al P1§ USed to

ani mal s ia stablish the described culture system but
was eyentopaly, \CT eplyacsibnelly fhet dematyldedo fdtalevigidiorbilic paylsgrahpc epidsvi de a
nore consi stent and greater 2 i f clean,du . -Bancyeat i | sSsue was
har vest edreung holibjgdbe éﬁu‘ftl%fec'&épi@%?g@g ‘?ﬁli‘eé%@{}f %6%ltﬁgﬁ’gﬁé‘5 W%Pgér%’ 31983;
Gthens & Al .,198 . LS QiR then HIMGPEckBEsihg 308! dibrpk,e
iterati o?é %Pi‘%f?ﬁé‘fﬁgb‘ggﬁﬁfg it%l?lejlo?:> uc%s was obge}i ne%q( igure 1). A
typical exgerbies7 H6@Y, wWhidhumalydnddds Béerdatins (¢-2urpiperaring we marpa@jWent s per
20 animal's. Staining for tubulin beta |11

tylated LDL-Di| d
that theringshenéd igawirdesss ffﬁéblnﬁaﬂeéﬁamgm?rpg‘é?%‘?enﬁ@‘?fregﬁgfe% ‘%?‘8&351-32?3a s

t .sh ) . : / | .
Cnar 48t e FRSl R @SR ot Bl MEob RS g A STy ains i nol e
ducts forpQ¥er 88&H 89 agfarticacilj plutdiiIX-atid, Rbfaragime ghurpinires springt diueenindabl e 1

shows that the majority of the handpicked ducts at tine zero were free of
these endposinasctanichiding imisoraidedieeins ereles i sifle S5 JrorkPliortier

contai ned no insulinsirnrnun i8] . : : ; e, and
a siml ar‘GOB}p(?BB%ulil%‘?fl Hovg; @ogﬁ%? L hoél%er‘fi%k%1%1%%{??@%3%%%1%%%%%@?% abl e
. PDX- 1. Ofp ttheg€oua Sint fhatart aglyekt poaily isysthesidedoatd wledhiad aofivigy in thecel | s

that were insulin i munopositive. Analysis of dissociated ducts al so showed
t hat 15espredeanmeth98% of time zero duct cells were i nmunopositive for

i nsulin and' PDQX- rotein. (not shown .Ml BYYs ' el S were
rare,, consti %ﬂjﬂﬁﬂ?f’n‘éﬂ%ﬂ % AR aﬁ?ﬁ)ﬁ%ﬁy orB flo"ﬁé %’ %%ve? gszj{end?g‘%ﬁ@ :ciggl1a996e
Any| ase- ReRifile/S GaliPS:ceRREh ki Akt Aroal Thdse skified irnthepoipuiliatadily end -

probably represented exocrine carryover since they occurred in rare
cl ust er s.ablie synthbsize afd testl such dryivasives fry seitaie3ctiPi%- 1 or t he endocrine

mar kers insulin or PYY total ed ch,l ess - 320.0f le 1),
corroborating ﬁ&ﬂﬁﬁnn%‘?@ﬁ%%cﬁﬁ%eﬁ“me@?%@g%g‘égﬁ %a%sb%ﬁﬁgglgb + Zkrllesﬁ% adul t
pancrgas JMat tesQits Bl AMPQctid4teonl5 i n mature ducts (data not shown).
Since the average dutt fragnent contained 3450 ~ 1 S60 cells (n=1

det er m nat i onslh,cerain enttwdimentsgbman be agyantageousdo zéwiﬁiﬁfagh%@r@%ewg then; ¢ | .aI

nunber of _insul i osi.tive cells at.the start Ul Laur 80- 400

perappr cheNaEAMP BeomdsobEETRYY HifraRabBt PR A fsd S i fOl

pl aci ng Scj,y!aﬁltsg agélﬁétli_fnrc@ﬁﬁﬁ%ﬁ&n WithH SARPIpHesfhodRksler30 affaggnisema) have il ti pl e
0 Z4-we

fragnments-in plYfates (1.9 cn2/well)". Various substrates were tested
(Mat ri gel advantagams or symedzistipeéffgctbut t he cl eanest and nost interesting

| btained b i I I i h : | !
Wbal 5ed oul boBBEARRIPE R AEBis T SRRt MR LANPINNS °
added to eagh WeH.o AR her GUSLS, GHthd prastagNesr B @aver 1headdBvaRnete | N

Figure 2 snows TnsulTn staining in a series of cultured ducts and
t he bot t opreRRaRY of DEM6F lessspondi ng bright field i mages. An analysis of

si ngl e duct popul ations indicated that whereas. at. ti zero, 8% of the duct

fragnments were mquamenﬁwﬂ%smbwﬂ@; “i"ﬁll;’grag%ﬁe@qlf’ oratlge 24

hours, the nuynber o ontiaiLi i i h U hvRrénhiicn Badod BEI eased
Y50 B S 1 15 DURL0, B9, L0 M AeAREh sl bt

to 13% and® Iti'ves appeared nost frequently as
si nglf celidash onfetval loffaedsutihg Zell pelifesation are well known in the art and most

D}
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30 (Figure 2). By day five of individual culture 23-25% of 2hdanusry 8005
contained insulin -54 H 20 January 2005 wo ovt z~5z PcTnso v2~s~n
positive &5I%ﬁﬁ§£ t he nmonol ayer, with little change ther gghtedyikidoiough
day seveﬁ, X single duct cultures). One inplication of these results
is that non-insulin positive ducts becone insulin-positive through cul ture.
I ncreasi ng the mnber of duct fragnents per well resulted in a nore rapid 5
outgrowth and confluence of the nonol ayer generally within 5 days, .

suggest i Ngothainlys dmduds deierhizéi dg Dlesyphese chatacthrists of aaldaerlicgBanour

| ati 16 | 1.9 cnp d ' bal .
P o e e el L S el el i B0 B 8 D B
contai ns %? &%é;cf" £c%§?cf1g§ t:fﬁ‘fezigvél{tﬁﬂg 90 95 Ribbolinit bPﬂféﬁh@éﬁéﬁnQEM@ sRefesiel |

(0. 02% of Or 'a nmaxi mum expansi on. of 5-fold over the 1lo
starting mat ekbldetdrMitedi Gsiby it eadioatties babied(IH-thyofidine) los labpeded nucleotide
vnnentin-positive, nonendocrine and proliferative (as indicated by BrduU
upt ake¥, analogaesHBIY) for dstectionby iBURARGEECICE] | s surrounding t he
epithelial lay of duct lls. k- A0, LVAE: r

capabl e of Br d‘lj}}{%?vgﬁ’embﬂ? ﬁfoﬁli tg %%%H#@g fﬂé\ﬁr“gﬁg ! not @ﬁg&gl}égm_‘?‘_ﬁg{a%%% fanof
BrdU upt ake ﬁl-?éfe‘t‘éﬁrgﬂ&iilfbe el ioviasfthdbaly f8 isslatiigaesionsive pogehitoratedl of
the early appearing 15 insulin-positive cells qn the nol ayer ree%vvith
obser vat i pegultians oFprinsianvessi dgsedied iadhe appsded ﬁ@al%lggﬁs Wetgveapierve

replicate yvery  i.nfrequept I 1X Vith nd. | L) rexie i m
1996; Ni el® rf%ﬁ%_ma%T 0%%%345 chite ot éf‘%fé%%?ﬁ%?‘ el gﬁl\g‘gc}%%a‘?lﬁﬁﬁ S
si gni fipcankhy fdrBréaRsEeeiHabehin boeadilyHRaktedlbywat hakebeeadrhiegoscopy. In an
insulin-positive cells or the nunber of insulin-positive cells. 20 In

addition tesemplaiynendmdiméritj those pragaséter stllt avhich ssspped 4p rggoVHs KNS Be al so

observed that_.sane l1s in EBS cul.ture cont aj f

anyl ase- p(P_é&ffF@EOE é’\tlnwﬁss,u?’ﬁ?‘iuﬁﬁt HEgEoy |°&§%9%’%‘§ i ?é\%etﬂggzp lganfgée : "c]f)l}déq's%red
sl (s GadAeChaci G4 SciB PIRS ioMer M trive WrhBodindng rothassimoauvsl been
docunented to appear cfu i ng pancreatic regeneration and are thought to be

act i vat ed chamgeneior clmapéss ir{ Mpticalddensioy @f peolifsratiak. cells, cgnbp. dateptadayia i on,
t hese cultures cqgntained a rounded and sem -adherent cell type, many of
whi ch lAppEARIRHIBKSEEYN- bot h narkers al though the insulin is faint. Cells

that express P\‘r\é-ﬁﬂﬂ{ef”ilhgp%%a gsﬁ géx?bé’%%é[t@djv&iﬂh Bremodbetyuidide (rBRILLT) gur e

3D-F). The coexpression o glucagon during early pancreatic

devel oprerixelias fheedddgds, Wmbedded in paaffineamioeciionsd pBeyions can be gtpined for
progressiaon 30 (Upchurch et al. 1994). In contrast ,to insukin, th nber
of PYY-i r iRvBpesng japeiraunealkalinephosphatase iy Q%S%S%f’?’l%’ g, 'BY

PCT/ US0113381 7.} 9 410!y CANGSEUR! B9 (8043 Ui JrbUnaD il S8 ket wer e

ilisulin-posrtive’on the nonol ayer, st “but "hot™ al | coexpressed PDX- 1.
Cel | s sphatinafipr(€aemiconDE! SedundodCaliffiais tyeprirragyragtibodynsul i n and vice versa

were al so observed in culriue (Figure 3G _arro Thus cells, representing
vari ous stages Gl madleidhatrhava inespaaigd r@UéJ&H%%é% figh gt b%ﬁg?tﬁeéges
appear in our cul tur N f 0 - 2N A | aTher
of i sl { Hsthen by oo P AEAPERIP QRSCAIERETCARE), ctingl Tl e

beyond 5 daysurdyserédidé hedhnigileovf Srpibieegericorll dt Hisiochepey Bxwsheel 18:dék} h.
Factors were added to TS cultures to determne if an increase in the nunber

of insul i (1peY; follpweddyhemptobinicaumersiWiyilged. A nunber of factors that

af f ect,_ei t her i.hheliak, cells . ] t, MBEE h&DRMal
dexaneztshasone, e%’l%ﬁeg?ja&tu&ggﬂ!b%é&u%{é%%@g?%%@gﬁ 31, IL-Ta, GP-1,
gl ucagon, H#ESdpithelial @GnBgeX¥ibolll (BercPRY, PRkopiiyvepbate primafy anilbbdy.es for 2
further days of incubation. \Wen tested al‘one,aimilt of the factors (%Iﬂ(lj not-
Surface areas of insulin-positive and epithelial cells, calculated as percent of the
total ICC area, can be quantified with a computerized image analyzer (American

Innovision; San Diego, Calif.). The same method can be used for the determination of
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significantly boost the nunber of observed insulin-positive2@damsrf 2025
shown}. However, i5 a cocktail of DCE, dexanethasone, cholera toxin and
EGF, ignificantly increased the number of uisulin-expressing cells on the
nonol aywo (zr4sver age i ncrease of 2-3 fold over n = 8 exﬁgﬁﬁﬁm’éf? Tabl e
1): In addition, the presence of DCE significantly enhanced the appearance
of a popul ati on of non-adherent cells (NACs) over the course of 48 hours
(Figure 4). NACs were observed even in control cultures (Figure 4A) as 20
well as i,n gr .act or -t t.ed:.cul W@ rdiCrkdv: a1l be RemMdeOf t hese
conditi oﬁ%e Emage@?%}q%g%ﬁrﬂ%fﬁ?ﬁucf%%@g{gglrl\ﬂ&nﬁf% %%Ilzl In the exanpl es
shown, HGEEsaeheT$dlidds seme sime sathléifieetibulde staining ¢isherbrokeijgsns. HGF has
been shown to stinmulate the growh of fetal, igl et@écgl pnﬁoillieir etb al . 1994)
and TGF(31 hadldrmesellsticnman bf caeHIBRd bY Hie 1BHD OAFUR AIeAR s TP OF | s i n
invitro Qlalncreatic culture (Sanvito et al. 1994). In our system 25 HGF
and TG-(3¥%filad only slight effects on culture phenotype or NAC production.
NACs appear sp@ataRepLslisidertas 08kitientd bometsayiag tiasurface srea Bodvidual nunber
and rate of appearance of NACs are significantly increased (often > 8-fold)
by t he adukutingosidivectlds.DCE cocktail (Figure 4B). These cells are -
characteristicall hase bri ght : r SRS A hi gh
granul arity, fhdué-ﬁ’%éﬁ?ﬂw GF%%chfg‘?"Z‘?;sz@s%ﬁ 1%gg‘ﬁ-Lyanuar ;91('%1{;({)};%% g\‘;o@zuzaz
PCTi usanysgiifyhe BhA9zefor Rhdiatipltototra@eby biolbpival MNATswriatentl vaiabijgpear as
| arge round cells freely floating at the surface of the nonol ayer. Mny

ot hers arof tlf daepldsoosel y attached and apparently in the process of

energi ng. An increase | Cs ,can_be .seen 14 b4 on,
but dfpears nebd FEIHL llﬁﬁ%u&e_ © 55 }810%&%%&%8#&%&9@%?%6@%&%“' tures
gave ris - b Rl prdbGithpeambypes Duis foithér demmsisied dhat f ever
nunber s %ﬁ%@@%@ﬁ?%@%ﬁ?ﬁ%eﬁi ously b(_ag’r?ashovm to pronote the growth
and f unctdifierent grovithefaytopsicad iindicpamptifadisinetopepidations ofuprageitor(@8hens et

al . 1987, 1989), .but. no NACS or endacri.ne .cell . p Per haps
the ef f ec¥itign ugtal figsue erplant %Pﬁ?ﬁﬁe@m&n T%bs {q%%gﬁﬁg%‘g?&g%%pﬁ%ﬁ?ﬁgf our

m xed cel, 0\&1}1' falifo? éﬁ%@?&@oﬁ%é REMER dfhmsiict pRygefitdradelloporadations.a Taisdisot her

i slet cel pes. equent testing in our cultures showed that neither
dexangt hagpofarmdeckiEe thd eqmessind ofitlpsé feceptors radrkdbe Brogenifescely SARHESN i n

| |'s, but that the nmajarity of i Vi,
esoci ot & derset nblesailore] spdbedits g SRRy heiel apitie Bl o

CAMRE0A! Sbanih, | a5 ki loe i bed

ol sewh &5 Elf%ﬁlb %0%&%}11%?)% ?écf:g‘é s) (BchateD bvitbpardiewlai cklo lheagmscri be

el sewher e presenc met hasone and EGF gﬁpear_ed to enhance the
ef fect ofandor stes 6f ddfepardiagomnBoaeditrgs fof sepaeatival dfgheutieai progsnitexeell

bF "t he. NAGeY doclide vhagete fopaistiphs RS BCRITSEr o TGS PER Bnesan O
[eSDORS! VSl RaPiphO el SRGk UG AbPFaiabsat @ vald mutiic 1 imerorrent

singl€ d ) dave r1Se to at st a 2-fold increase in NACs over
control wahérs cofraitiedtr eheifuee! | Technigueso praidiog| @oswsate 8 sqpEraiignt inchrde wel 1)

yi el ded 3, 000- 18, 000, NACs after 48 hours in DCE (n = 9 experi t with an
aver age yiledrescegicearsiyetedoesdl W&é’l’}lw}bFa%bﬁ‘Feo%’Wg‘ge%ﬁT?S fl% fﬁ%mnﬁ%éaé%’l |'s per
prep. BrdU i ”Cofugﬁq.ftﬁﬂ‘}fg?oﬁﬁﬁf*ﬂ%ﬁ?héwd Shd ajtesket Ratlt QRRerale B&ectiisf ect s

of DCE i s®fo 28 € ce i'sion.” Pul'sing at The end of the 48 hours
showed 4-§pheelsom@e®irdbionsirelsyetccel I|'s in the DCE-treated nmonol ayers than in

controls, indicating a |long-lasting stinulatiopn o roliferation of
Chowngs ~Vhen o katly: the JmERpdies Way bt CORBSAT TR SHERB0R 6F 2 RRERA

recovered, aby 48 "SRt b, {tin, WIHEIE 84 B rdhdbed! Wige BvigRd b Ry

derive f rla?ﬁdét ‘&Eﬁ%[e@‘g\gﬁ%id\]/lg{;t %@@?ﬁ%% b\é@ﬁ’ V{;}%CE doesrnot appear 30 sinply

to stinmul gitditinboasd & aGapporediesichromes5Which can be used with a fluorescence
activated cell sorter, or the like, to allow for ease of separation of the particular cell type.

Any technique may be employed which is not unduly detrimental to the viability of the

30 cells.
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20 January 2005 W 112/12162 PCTI USI t 1/ 2a897 Hor mone expr ess ganuany 2FiEs
Anal ysi s of the nonol ayer denonstrated that approximtely 0.02% of the

cells iiji FBS culture expressed insulin protein (see Tableg 1) w {h DCE
addi ti onWihf@&ei ng that nunber 2-3 fold to give an aver aﬁgTZ%S"%'&éb (range
5-196) insulin-positive cells per 5 well. In addition to uialysis of the

nonol ayer, NACs were anal yzed for expression of insulin and other endocrine
markers. Since NACs are free-floating in the nmedia, they were collected by

aspiration at #S8aOnk§aR@SdmBddEmattdidmost thekhatibddia for apveh fangacvasors
maxi mal . All four islet endocrine cell types could be detected

i munocyt teheristoul thy subjechprogguioncells ap commsieiallraemighls (Nae anibrRAeSIAI ni ng

for insulj PDX- | agon, to tati n c [ I tide.
rs shoun FRFFIGERBtssk Of HEtiior Fupar, FOF daraneeh aehd hERt fuff, BpRR
f1uor escefé@gptbﬂ,t SRt ddYesWiahbeARRION FRERKY whilSloth foltethilled inansbat gat | y
bright (range 2.5-13% n = 6 neasurenments), and the majority of positive

cel I's {>30ddiien Bf utihg atibadiesctol isolate pudgenitongellsxdfi interdsh pre slilied ia tee ot

i m nunof | uorescente, (A, Q) that re.still ove background (B). Thi
nunber of 3Modsa &S ﬁ%ﬂ‘%é‘?@?sﬁ\lﬁ@s@gﬁ@ Wﬁ% S ﬁ?’n’g’a WE%C%O LG §si s
(data to %gﬁ.‘geg'k&%gsegl sewhere). Cells expressing PDX-1, gl ucagon,

somat ost at n; and pancreatic pol ypeptide were al so present in the

popul ati on (D, Upon Rselador; thespregdniteelcglls ofitht mewwongowenposicanvie fetlies bei ng
t he next nost frequent (6%, followed by sonatostati 399 and pancreatic
pol ypept i urac&irize tipghg g’i‘!@%"fm% WC&H@P&%’%&W 03& %"’f?@s’ﬁe@gﬁsﬁcﬁ utes
an e“gd chigp sfoﬁoﬁhfgfgaw Thibier o?i%@!nﬁ%agé g?%uch?%lli%ﬁ/o?%ﬁs_i@fuo&ﬁio% endocri ne |

cell types.* Transcr 1ona~rofilina urther determ nation of the
nunber of i nsuFdmexempslesadtay of grdwsthviatthr respimesiWACe@aphe abnaeniratien snge

performed sem -quantitative single-cel| P Br.ady ef al.. 25 1993, |l ac &
Axel , 1998 grewihyactasito which thay H%NESPWJr%%rﬁ(‘%%Y%‘E{W FeSPARTET: aﬁ@.
Figure 6 t Iy R t f‘ﬁ% hadq
insulin : Bgﬁr%glgrg&g%lg{an%tﬁ)%ta?lgtcggat g{ too%ﬁ\%{/a@%’gﬁe%g e ? E?:{c}[sn? %%c hosi ngl e
cel | sarrpé}gl-acﬁatmIthagwﬁm@rdglamtor_tdeﬂs,i nsulin nessage varied in intensity
anong the positive cells. This variation _in signal intensj té‘;ﬁi simlar to

that &bserved Byrthemmersdha iselatedi pspgspitoneallssgn hechagpisdzerly BREXPEFFPRed by

Sanuary” 2000 EE S BORekehS e Rietad (e S proltiil) oA for B pcredt
gl ucagon messaggcd RRite@anti diiraefieized, thbebibs progeiit@i ¢ullsgeanriss biluradd
PDX-1 message. Pnel D shows that o eater than 80% (35l 401{'of the cells

anal yzed wulet aonsiddonDyhich sl ewfysherdiffsrentiaionrintoripecifig el Hnpagss.t 1his cae| | s

di d PDX- |, , wh li.ece..
bosi ¢ 1 ve T peivsd dhipmen ot ot faeR ae FRhs ol ol BleEAnt
rel atjye QipjeeprogBhitbinsdllsi dan PR Fe@niSAGPWIRXRE €6:5ésPEndift kfbayoRidiiissye as

agreenent with that observed by inmmnocytochenm stry, and in the case of
i nsul i n, seetifithelcobranuicytisiee ean insiuct therpdaitastls fig rodevelaprand wedidfezentigtber of

A ol BB S50 Pyt B S5 i offod R e 0 (heoe
differentiation factors which can induce differentiation of the cells. For instance, the
cells can be treated with an agént such as Forskolin, Di-butyrl cAMP, Na-Butyrate,
25 dexamethasone or cholera toxin, or a growth factor such as TGFP or a DVR sub-family
member. It has been observed that a media comprising a cAMP elevating agent and
PYY promotes differentiation into various pancreatic cell types. Preferred media
comprise fetal bovine serum, of at least 1%, 2%, 3%, 4% or at least about 5%

concentration. An adherent matrix may also assist in promoting differentiation.
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10 40 cDNAs with a | abel ed probe to the ribosomal conponent 26Qafkirped0os
denonstrated its presence in all sanples (not shown). Transcri ptional
profiling confirnms the i munocytochem stry results that man¥ of the NACs
expr ess WDX2[124%2hat approxi mately 40% of the cells are boPRTUSEWHHH nRNA
and protein positive, albeit at varying levels, and that the majority of
NACs appear to have a beta cell phenotype. In 15 addition, there is a
significant fraction of cells that are PDX-1 positive but insulin negative,
which m .ndi 098Nk t GRdakr sRRel @Yieinec@bd S
showed Zgﬁ%?&aégtaﬁiﬁgﬁggh&l ve, tugd}uzc%qﬂ\%g’l ﬁﬁg%gl%?f \E/)e cells (not shown),
denonst r atfaftfpel, ierived fibhyvemensd shovarat  of endocri ne phenotypes in the NAC

popul ation. Insulin _content and elucose-stinulated insuli cretion.20 ~ A
hal | mark of f ukica usthsr epBedimea} fhe Ineertiqrproy Sltfl‘? 9@%"%@8%&% CPIH%"’B%% in

response ta gl ﬂl@% i WP RSN 1hE, Whel figkelinier e
ate functEIS%%lF%g%ggg‘%Jﬂ \Aﬁ%éhalﬁﬁﬁﬁgd uec,?t t%Pturéls, we perforned static
i nsul in rglpastscawsaifsreanditetdntittbé cetbtypbaafear eapabutdie diliGeptigtidnat i ons to
determ ne their responses to glucaose chall enge, W al so rreas%r ed total

i nsul i n ceomdéivnspyoreyample.Jelfedmingstared dp Fier@OVHempdm: Promoss IPIRatgEse j n

insulin expression. due {o.cul j sh IGRSEoLegluced
insulinr ﬁgg@i@?ﬁaﬁlq-g}&lgﬁgﬁtﬁeilﬁgﬁ% ed;%f&gég%tgo,n. Iﬂ&ggfb?lﬁgée%ﬁ lrgrb%g: %H;er, and
har vest edydwhGsterdd & NAGrPOBULafiind prateeniirmatienofgl8edgohdxpressingsalsi n
secreted insulin in response to elevated gl ucose In con rgz{t the cells
cont ai nedKOrSR ieKnopksuty everanr igmicemgnt provided gy GubroeB .sﬂ)égﬁ' g€ et ed

far | i nsulin_ig either high. l hiigps. Anal ysis of
the t Fir ardatEDS FRECTOeol hitt BB htin SRS, "5SS 2
January 280RIs¥o024, Ms ARGk M51.7 P 89 7L e Atfohsy) JaMbreisin I ¢ Steaand, M.,

extraction of the ducts showed no detectable insulin within the | evel of

sensi ti vi Mgnésepgi,Bedets00, RgKollr, Bf, and &.apup, A8 dHcBI® 2818t ot al insulin

showed a content of . |,34 n f..insul,i r 50 cel yer,
and 25.0 ng of 5 #stliushaie: g%%’dé‘@ﬁ‘%r\g]&r}?g?etf’%ﬁe Pﬁagac{rrfg‘étf) ? gglﬁFS g{%rllsg?ﬁ’%%@r at
i slet of BpRroxhiRteky HNEQQ, e kBbWA t6 BPietplebiddaRRAbRScAbYYEs A0/afiguof

insulin (data not”shown). Furthernore, when NAGS recovered from cul tures

exposed tHmBCHuing pRbcredSievetopnienh obiesexampe, danprasenitor sall ynayHEPIATLENS r om
t he 48-hour cul tures deponstrat reliabl =stinul at I lin
" r esponse. OTTRETE & t%%‘%%%ﬁﬁfg‘é W@a?ﬁﬁf?ﬁ@* zﬁozlﬁ{oroﬁﬂr%';ﬁﬁ?n
pr oduced 4t ek Ak QoS 18 bRl ot B BN aflrt At isPCRAURLN RS Y
rel eased Yn response Yo gl'ucose, denonstrating the presence of
f unct i onatfolidiead "cedntseripfihiefetosd, saitess fiheleomthailike dermnderstabé t¢ hamarEts
represent an enriched population of cells with an endocrine phenotype.
Current siugarlEguligsueocused on a further understanding of the variabl es
| eadi g to incpe iRk bt Rty R toRThi0RALER Y
DenonStration ]E)nf@%Igggi%ﬁggpﬁﬁ?%%gﬂlrhgf\i/llggas)?ﬁéiﬁettyc%l Cl unl;lé:urrent 15 A key
quest i on 4OSTHr efso kBowavis@EY!, dDX-heori FI3X) have ewtainbedn sieivims togevad at ed

in culture possess a functional gluycose response. Ii'\/? way o determne this
ORI

is to meadiffeesnt mopHlativas obithe dpyeloring PBPAEeHF  GOME M &Y A PEF} ci um
current i respgn al, e 1 Q) i L:R%Hii efd et i nown
to be ned é’t“gldp%y%-g%& I?tﬁmlﬁsglﬁgalgg?élrm&g?ﬁ#@r}t |dnke toﬂgsﬁug%sfgb%g%sag‘g#i sm
(Kal khof f pi@tcdiraentiated § i388dells2 ik, Sedibariiel PAYRAYs, silch BEHEEE drbe
presence and nunber of functional beta cells within the culture, we,
neasuted expressed during penaressi fofrhation;and meayphmuased e characterdze eesiappangeatic

cal ci um dependent £l uorescent e Fl yo-3 e r tive
exper i manPl%gﬁm °f1‘6‘§“ B%?‘ﬁ%l%ﬂ(:s t?{'gr @ﬁ%év%nﬁs ang %}cééaﬁl?%géqnﬁfq %lelgse§1>%§1§% IQEQSS% of
the sanpl gghce@k! spesiRVBEnsSHpRGD {06 PTRAe a8 chXXBPAt aieb t1ef likell Murgoeets r ent
. induction in 25 response to el evated gl ucose. Measurenents of cells still
attached cestaithef thendNEypotefins dre ¢xprsssgdtdbeing gatly percreasdley el PERBNGEsTIAR
intracel l yl ar .cal ci gm The anpl.itude .fmd lii netics of the glucose-induced
cal ci um c B P35S CRArke RO RADEreatc PrOSEYIOT G868t cul ture-derived beta cells are
simlar with those docunented to occur in islet-derived beta cells (Asada
et al. 1998; Schuit, 1996). Cell-to-cell variations 30 in the anplitude and
ki netics of glucose induced cal ci um cury ents have been interpreted -60




20 January 2005 wo one.t>z PCT/11SI/2.1R )7 as evidence of betsmagefediy in
beta cell physiology. Single beta cells studied in isolation have been
shown to_have altered insulin secretion rates and glucose sensitivity in
conpari sYR ®d*#Htact islets (Halban et al. 198?; Bosco etPaF/UStLB8Y7 ~ and

i ndi vi dual beta cells have been shown to have markedly different rates of
insulin synthesis (Mitoso de 5 Wgas et al. 1997), all of which are
observed in our culture. The anplitude variation in calciumcurrents m ght
al so be expl ai Predefibrdefl eFERCER tohaftieaiccdland oash BepresEifakbarsagt 881 stic
calciumcurrent profile was not induced by 2-deoxyglucose, a

non- nmet abdllinzand/ep tyeessne hydadxdase NekiveBtasaecreteosteh fagos; asNmbwling ghica@no) . | t
was conpl e&}el %/]Si nhi b'Lc;eg by di azoxide, a high affinity inhibitor of the
SUR- | i nk&GY 56058 EPe %  channel (Thomas et al. 1996) that is necessary for
cal ci um i nducediePaidtiidds $Bh@hh 88 sédfed fihR MNeACInclud@SRab3 W $hui &lal, 1986) ,
and was al so inhibited by EGTA (Wl | heim& Sharp 1981; Wang & AdcDani el ,

1 990) 5 Wil 28P)skeddiels Ghen:. 25304 cBAldii &t ak 412950 BNAD 02 BN vesitle-asamalatechowever

A T T N T
secretiofpliyy ikl@?x‘ﬂ tbﬁig%llsg??) X 1@%{1 vae%t ol 8343?8%1%@89%%% ﬁgﬁ@ﬂbaﬂﬂ}? al.. qure

reversibility o S calciumcurrent Is ated in
8B. I n t {EXE)ENHEE 76E@13) (n = 3) 10% of the cells could respond reversibly

to glucose and be stinulated finally by the insulin secretagogue

t ol but ani de. ARfQter ?rgﬁf)%@wénﬂleo%ubﬂ% culyres ofisg UCFaiwgﬁglwg&egmwer
sti us n . | Al 9 | 1.8 d.ei llucose
put ot 3] BRI TR PARRate fhhonk e osbide ARRAKAE o) Liferbiel O3
het er ogebaoling andectdify)| axd pogfedablyl tna pléntclecit, L bt preftesiiiy tte franning

het er ogeneous | nsul in expression | evels, 10-4Q% of the NACs coul d respond
to gl ucos8elyfan nis BH@miceed prbodigiat tsalecinis Peanut feehitvaussioetber W

descri be _hgr.&: ' i tO: G [ e . he: s : :

functi ongPﬁ g?gé}g% ﬁ?ﬂ%ﬁlﬁr;gt#!)e#éfi ?%Oﬁr#gﬁep%P ]:i}? ?%né%&ég\(é?é%{@g %‘%g%{mg%%c&fnat i on.
Cul ture @AASHCAmhtahthud €auddred L batih (ACLAAC ARG Badihii Mugjmd LecthoeBri,ve
cells overtine and an_increase in the total nunber of duct fragnents that
becardd i BIUE Copanavalia; ATKCen |4 t Syccidaied Gaongruayeks A hdionc &)l Patagabl e of
expr essi ' ' ) t dur i . hew .40 30 .addition to
t hese res%%fajfns%?%rhveil&g%%r(ﬁ gg‘ﬁt %l%glﬁﬁgbgﬁlgejyéﬁl‘&gﬁgwpeﬂr)égw ]nuénapgjﬁlﬁ%g?lglon of
non - - 61 Qecti? QECANURCY); 28y s 1B @ropRAR PSHUSIHL)2 (RIhtRGhBERINs G&)ins t hat
arises during culture, and whose nunbers and e%ence can be directly

regul at edGhY.):afuiffandm (Bandeireea) r Simpligifabie destin ¥ moBShohedwiectiodd4is,
W ucl i refer 1.0 as NA re hetero i I z&, faranul ari . ;and
mar ker ottt shnqEiam ey e Ber LRUORT Gk gb Mt BRI EbEdT s
i sl ebp endeedn (FEHIBAKS Tens EnliRgidgE gt (MW, YoHY; L ctud PREgBhb18Bus IRékin
anal ysis al so shows
TL); Lycopersicon Esculentum (Tomato) Lectin (LEL, TL); Maackia Amurensis
Lectin I (MAL I); Maackia Amurensis Lectin Il (MAL II); Maclura Pomifera Lectin
(MPL); Narcissus Pseudonarcissus Lectin (NPL, NPA, DL); Peanut Agglutinin (PNA);
Phaseolus Vulgaris Agglutinin (PHA); Pisum Sativum (PSA); Psophocarpus
25  Tetragonolobus Lectin I (PTL I, WBA I); Psophocarpus Tetragonolobus Lectin IT (PTL
II, WBA II); Ricinus Communis Agglutinin I (RCA I, RCA120); Ricinus Communis
Agglutinin 1T (RC_A II, RCA60, ricin); Sambucus - Nigra (EBL, SNA); Solanum
Tuberosum  (Potato) Lectin (STL, PL); Sophora Japonica Agglutinin (SJA); Soybean

Agglutinin (SBA); Ulex Europaeus Agglutinin I (UEA I); Ulex Europaeus Aggluutinin



islet differe

that these cells appear in ratios simlar to their ratios i 80tasuanl@0@5
pancreatic islet, 4vith the insulin expressing cells being the nost

nuner ous, followed by glucagon, somatostatin, and pancreatic pol ypeptide
expressi W@ @aizix. Because of tlieir relevance to human di 8634801/a8%%essi ng
t he nunber and functionality of the insulin-expressing cells io has been
our maj or focus. The handpi cked duct material contained very few
insulin-positive cells at the start of culture. Analysis of the nunber of
i nsul i n- pesktd el;l . e r d ' I : rated an
i ncrease fﬁ%%gﬁéf S‘kff-%zf ylgéﬂp%gér@} h’% n‘??ﬁgowgl\%vatgg}ﬁﬁgd%gélg%?ﬁggvﬁlm’
popul at i ofcchiykaed Witkat Geth ARzl bid Wieletis Flupbandclectiar(WEA NWEL).t ur e
rarely is incorporated BrdU, we propose that the majority of the observed
bet a-1i ke cel | Eominstaecs, rasrahawneivptha ditiaehadr BEuiess oRTiqRs pmPeIsatsgeic humary

- mechani sm of DCE stimul ation ,of uisulin I n ty i's not
known. OnRAIGFEaF Al @8 rpﬁ%fﬁ%%g% ,d_lfgaéilg THis g%g‘i %?azhgﬁéﬁ%ug%‘?@%#%?% dgggl og
| mown st o E@xe?ﬁébfs! 1 228! RErRhPAe PACL GAgks inflloilaodwtd Withatd Markedg f et al
tiation 20 (Korsgren et al. 1993), stinulation of pancreatic
tumor cellarggr aincts. SBraindated-Véheat Torgm) Agglutininpnarks|zatubsel off matuodudt sellsvar ker
expression (.Ball et al.. 1977. Va st et al. 1983), but surprisingly also
suppr ess D41 SIS FFSEIGH %@ﬂ%ﬁeqwmre nmouse islets (Lanbillotte et al.

1997) . G ucocop i feaiedsxoame, mhmmalee BlophQulls dad beRisEtY titsin biem s4BeRt Or
expression in sone cell types such as hepat oc%; es (G adhaug et al. 1989).

EGF i s anpe$hé mpiwotiaptovidet hgeem.abitir egls idatived fogm pieodroan paovddpimeneat i c

epi thelium (Mejttinen 1997), d..in fact has.been sho to stinulate

epi t i i Atpappdinagily givﬁ%eﬁé‘)‘&crf’afn&ﬁlfﬁmeéd% @?%%fﬁf‘?a%ﬁ%m%e‘iehﬁm?@ea t hens
1991). A ; h g HT-¥dN ' liRda i BEyteAMP | evel s
have bee%ﬁgm%ﬁghgtéalg%ﬁ%é%&é%%ﬁg ?%llsgﬂggweg)?%lplg%aﬁé ’ge? }(:dlgih‘lnd‘)lrt er et al.
1979), arngamidotyaesartdanegukinyocyted)iand thecanythictidh]ifB@ge eps rddddoodtmdlan t o i nduce
cyst 3o faormation .in pancr i.c. duct _and islet cultures i mann G t hens,
1551 vudieatoppiatc gishElls (ABES R colls hgcten s ira Saos Hhier e o 807
1996). | I i: (3 50 1Bi i Nt i on of
DE o 1 Ay o P b b B SRR ot he
st i mujsat i prefepfed @ysHodfroems theoHSCh carogiva gise toothreagaajostd oedrbed Hideshgeu| t ures. I'n
our hands, continuous culturg of ducts,inﬁECE al so_leads to gnnolayer
formati on, butH¥CEmAYbeNglated fiogy susensians ey varighk of Hsgue fypes RGPt es  of
culture ' ( _ S : ‘ _ i.m ng of
Fact or - addity BEely &R ARHROASH of FSTITRuA s R SURIRE) 1E08ieR o 10

cur r ent | ysolfdend bony asiniopated ilikRetrbansibiiee fanmrs, spireasd othartdnp ogwititd. y
imature nature of the generated cells, or the fact that the ceILs have not
yet for néathensouseesal hupan hematopeictic sisgueells dnglyde qrafryome yelk sag, Te@hcti on, the
| evel, of [ i i B0 e dL v an Ccells
was riioh FaaPaF A RGP SAR, SR Antihit R Btk b SRR RO AT 2O

i ndi cat edhibbdit t he average NAC cell contains ZO- 50 fold less insulin than a
conparabl e adult rat beta cell . be that only the insulin bright

cells (highly Hﬁﬁsembﬁ@enﬁﬁ%ﬂbm%&%_ﬁ@s of cgllnihsy giveaspémard Bnariost t he
o e SaSTB R RRRG:s? HRUad YO e i e Nuch SPEERANE a5 r > Mt Ure:

non- gl uco sponsive' pr €SS, “a nuc arger
proporti quhsfantifd 1133 Qehitd cbd. (O9BNNERAL 84bdl £.1038)S Sach dydtaiadgepropdrties at ed
insulin secretion response in the NAC population than in a random

sel ec®ed gsopeivaed Bhidentifyd Yt egraengethercelly pfithe cirpalalncsystspul é{lﬁibﬁfliwgr ein
ST t 8 ot X . .
phenot ypanaERi AR el pqfliphd R taR AR eBl oy ol Ml FSCEIRREL OF, -

I nf | uencesaffts $886 WA 133 i§ tHotightabispecifiedlly teel fo S0 @iraghalk bl. (Dy9THNE
expression and conplete beta cell maturation. A nunber of factors have been

shown t o Blneod 885818k Tk Thutlanelerpleiing highly eorprrvedtproteimpresent imbedratAsul i n
secretion onkoski.et al. . 1993 1994: Hugtari et al., ,1998: Sorenson R;
ol e, PEURRR ssSRsBrioraAt Pwed et e o fepte i B 55 The
syst ey Wedeasidd derah §haise and heien HNCstde chh bstisdfilTR iddnfifjing HBTk(O.st udy of
regenerative and neogeni c events that until now have onl’y been descri bed

irr vivo. W show that the system can be mani pul ated to give a range of
cell identities, that a significant i n@ease in insulin- positive cells can
be obtained and that within this population of cells, beta cell-Iike
function can be detected. Qur studies indicate that 30 nuch of the
regenerative and stemcell activities ascribed to the pancreatic duct
system -63 a

-




20 January 2005 wo ozim ~sz PcTi USU VZ~s~m by i n viva mani pgd damemng28@tn be
recapitulated through in vitro culture. This system now nmakes possible a
systematic search for those cells responsible for these activities as well
as the iweneiibiseati on of factors that influence their nunBeF¥S0itone
content, and functionality. In addition, this systemconstitutes the first
step towards achieving the 5 goal of a controlled and defined process to
create functional beta cells through a naturally occurring,

ot - dEOn BB R A o e s S b o
Cel | Di ffglg@@tj%@'g gagg%lﬁ?QtEMWﬁvimaﬁemm@rsom variatidieinped serfe@ of EGF

(I1Ong/ M) or T ] On_%/ m) to enhance grow h. |nduction %)f
di f f er ent matkiecranids: sitivevidentiticathen maybe sade fa & basg R RS PIRFFICR OFf Alduce an

increase jn intracel |l ul ar MP |l evel s are anticipated to induce
~different eéﬁtit%’ﬂ.‘}?%?‘?eab(%’%Rfftgﬁglcﬁ&aﬁcfrspM Dexanet hasone, 100 ng/n Chol era
toxin,g 10 ng/ ”HPE@%&) L 136 e B tiABuIL I R&H Otlied niddedifferdigiatedfcellngpes by tmosi ti ve

cells’in the cultured duct 15 nonolayers. Figure 9 shows the cgrrpari son of
monol ayer sbstieatfedrtaintrharbgs. CDSVOITS GRS, SR1056Pd8. 6P3ACOBAERZ\apd

| t df fi d t t t f i Ll Not
That t ner €003 aimrhpicaty Aeielt BOPIaCE nipedeat st ohe G Be BB T 1
Posi L1 Ve gellcinfilercB fo idliidtfiffichilod 6PRO0S MRy iepdlsERElp dRitiaglich

nunber of cell's 1n the culture also increases by approximately 20% The
bars reprasHRC, 20désoabaldoage of quadruplicate webs. Dexamnet hasone, Chol era

toxin, Forskolin, Dibutyrl and ,Na-Butyr.ate have all . and
f oundi% o i nduck lﬁl-‘lﬁf;eé?t‘é%{ ﬁhé‘icﬁgﬁ.s “ﬁydl?rlger#@égﬁg\ﬁg %%&?@&@ﬁ%ﬁ?ﬁ,ﬁs‘ﬁﬁ?‘gm yrl
cAVP and Nay BULYEBE A0S0 Pt BF BorlH malfferd dhd RMGenE: éfihanpaRemnce of
floating progenitor cel’l's." Briefly, nonolayers of ductal fragments induced

after 5 dayhsivetddrtification ddes nbetyphiiy amoire sietsctiar efadl ofitheabovgirparkstsyl  cAVP

as well as the fetal islet differentijati agent . sodi um butyrate. Both | ow
and hi gh concehhe seliwing SHYeTle g4 P8t tQ/ﬁg&EreEB?}F‘il étanﬁ?ﬁ% itta ﬁ%?:‘fm%ﬁdflayer.

Ater 48 DO Syl "ol SRHIANENNNGY HClfufllih Glefilo@MrieRNyBGumI SRR 5

are shown™SR % oating progenitor cells is shown on

t he yrsaxi kcoteds Medfied Dillbrcod dedddinat AMDIM)dggrlerallyt eomysisks of -s6Us, aming
January 2005 WO 112112JS2 PCT/ US| 11/ 2aclg7 W have, al so obs rvg% %hat _
secretin edds,i Hiamsdianfibioties | and Jtabr calh SemEh ol - Syres, SURHEEHEL aF fice of

pancreat i rogenitar cell.s, .ln Fi : Te&hitared Rl cottitloht kdd to
secretin ﬁ%@"%&ﬁ%ﬂl‘eﬁgncﬁ?egl‘?ﬁ)ﬁ%ﬁ gy%%sﬁﬁ%%s’(}@éfee range of T-T00 nM - The
number  of %,—Ivleq%ei @gBmgﬂxgﬁdaeésentropa@g@fshmrmemsssm dhvepninneadisadft the 48
hours of Treatnment. ach bar represents the total Pof t WO i:or{ﬁ)i ned 1.9 cn®
wel | s. erythroid lineage, various convenitional methods can be used. e culturing on

26 methylcellulose culture can stimulate formation of erythroid cells. (U.S. Patent Nos.

5,840,580 and 5,914,108; Metcalf (1977) In: Recent Results in Cancer Research 61.

or examp

Springer-Verlag Berlin, pp. 1-227).

In a further example, stem cells may be isolated from liver tissue, Such cells may

be identified by certain markers. Such cells will typically express Sca-land c-kit, but
25  will not express Lin.

In another preferred embodiment, the subject progenitor cells can be implanted
into one of a number of regeneration models used in the art, e.g., 2 host animal which
has undergone partial pancreatectomy or streptozocin treatment Or radiation killing of
bone marrow cells. .

30 Accordingly, another aspect of the present invention pertains to the progeny of
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The duct cultures used in Figure 12 were cultured as descri 8@danaoy@009ft er
48 hours in varying secretin doses, both the nunber of insulin expressing
cells on the nonol ayer and the total nunber of floating progenitor cells
were counp@eamgl scored. Scoring of insulin was done by PCT/US01/24897

i mmunocytochem stry. Note that there is a dose 10 dependent increase in the
nunber of floating progenitor cells. The nunber of insulin positive cells
in the nonol ayer also increases with secretin dose and t he apparent
decrease in insulin positive ce|lls t he. SOnm dose .i s, anonal ous. EFach

poi nt r epPe §eHEd PEIRSNEQSE &&'%fdi%ﬂ?ﬁgﬁ%‘é{p’éhi@ﬁ qun‘fd%gv‘?deﬁf’mhn@%é@s-ogxi s

denot es the:t . f t.al ' [ a6&isloF, and the

ri ght haﬁggi}glg&ﬁe&p@gﬂ%’?@é&t%@ﬁ%@? C%‘# H%%d%@%gﬁeiﬂﬂéig'ggﬁri ve cells per well.
Secr et i n egitoscdpanwelhad ligcage aninmittdd q@ils eertdated by nstuc tugakiferhatiation
Vasoactive Intestinal P_eptiﬂe VI P), al gq di ffeienti at es duc& n@mol ayers by
i nduci ng Gfitbe abireh Progenitesreells aiter theT spisgen fiogy the grplant, &g, dPUCFY &% Gays in
cul ture, V}TP was added to die cultures and the nunber of induced floating
proger?itovrl 2ells was deternmined after 48 hours of treatment. C=control and
is 20 5%-CS. Theotb@tdspedt ofltirdgeertion rélaies exqéniamennposisorB@ngichdd Bf VI P,

whi ch induced a >3-fold increase in the nunber of floati nl? rﬁ%initor cells
versus caieEwiitor qails, gr the PEogery Hicantt Hecortpanbasimenfs 1o &f ss"e'(1 00}. Each

o2 1 i B RO rlten s AR o i fogesonce of

I'n-T1nduc e ration. See Figure 14.

Fl oat i Ng FRHAEAIEeE, SRtk 468 bthdr NBuses) psitidzess as ekllns BFrogeOhed) .
Si nul t aneous addition of insulin (1.Ong/m) wth secxetin dimnished the

over alol iprepasttionn gt s, Butiumgnsdearisiation, e subjectiest Rreparatiogys ts the

total of t aal ed dupl.i cat I wIrher s i n the

y- axi s asm%%ﬁ%(?ﬁ 68ﬂ°§%&’§1 ’Ogﬁn\.é%{l S%%dfpggtﬁ%dr Sgrrdf a§6§§§ %?%‘?I 2.ts2
PCT/ USI | 34489 Bidis&ophendbirdd, sol ation of Pancreatic Progenitor Cells using
Lectin Cell-surface Marker W also set out to identify cell-type sgeci fic

mar ker s whi ch lnowedaipe emhediments,s sligh eggdlatart wompasiHens | ¢anprgetedr {el | s,

th ‘eatj ¢/ duct al_.epit heli al. which_gi i t
el | o Aoipmsoienation i fuiEB Patraty SiiHed YE0rRe hlfe bRIHAD HEDAEY O
certajsn I Beddens it BE RE6Rbd, hiofoeiRtbrivenogenehc bt rebgict forbk kriahslantation

isolation of, duct epithelial cells ultimately able to produce pancreatic
pr ogeni t-drost el sne Asmmchitke hiegenydoventipa aplates Ag gransnlentaiorpaafetal or masheent

| ectin that binds eclfi r bohydt.at e groups on cell surfaces. PNA

bi nds to I&QF‘&E*E%%%}#S?? ?@gﬁ@ﬁﬁ@%@%ﬁg[@sga' actosanine. It was initially
sel ect ed for syudiofer A2l of (B8 bleseMuliRhtiéd liceils atithlitonkiRssitioBhwhidy st RP,
Kane N, Downi ng R, Di abétes Res 1991 May; 17111: 1-6, Separation of

bet a- cel liacludgmasli s pelskad qponminest, pabstratiallyb purse peeparapions eeft ithe HHPIEFhg) ;

however, in oyr hanpds, .PNA did islet cells Qm . . DI D
I abe!zodudfm@ed'iltpﬁﬁapsapr the Rrggerﬁﬂgg(g#’ :@ﬁl‘%ﬁ 88’35@ ns E’égﬁ&rés%\gtg]lng? ]{lthOBn) was
obtai ned kR YeFbRly substantially pure populations of the progenitor cells, but can also

include cell culture components, e.g., culture media including amino acids, metals,

coenzyme factors, as well as small populations of non-progenitor cells, e.g, some of

which may arise by subsequent differentiation of isolated progenitor cells of the

25 invention. Furthermore, other non-cellular components include those which render the

cellular componenf suitable for support under - particular circumstances, e.g.,
implantation, e.g., continuous culture. -

As common methods of adrﬁinistering the progenitor cells of the present

invention to subjects, particularly human subjects, which are described in detail herein,

30  include injection or implantation of the cells into target sites in the subjects, the cells of
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| S Laboratories, FITC conjugated (Cat.# FL-1071) and used a20 Uar&0dy 80D
dilution. Paraffin sections of adult human pancreas were obtained from
Carolina Biological Sugply. Protocol for histochem strv: Paraffin sections
of adul t wiowram+y2ancreas, adult rat pancreas, enbryonic rafCpaiereds’ or
cryosections of adult nouse pancreas were 20 used. Alternatively, Tinme O
duct or cultured duct preparations from2 week old rat pancreas were

exam ned, witli or wthout parafornmal dehyde fixation. PNA-FITC was used

usual ly at, 1;250. di | utjon i Q or |hr
to overni né{fnqﬁ)cq, Catnhié‘?l “Wﬁgﬁcgﬁﬁgr?ddw g%f%ﬁg \;é(gftlig%% %Hﬁ%&ﬁﬁ Jng

medi um copiaihng iRPRintatleRl bs i ailRaatoWwhe Robjkctr iSath ideledry disvieey clude

post -fi xed ‘before addition of 25 npunt| ng nmedi um_ Protocol for FACS:

PNA- FI TC wass, d:g ,utadmbtdrs%ﬂmjwtslg@pﬂs and/shs inig thelbodrgpa TWIEHtﬁéhleF*Béll

containing 1% ers l | s un
down and rglégﬁto@ Hwoihﬁg Hnraiugﬁlge éﬁ%ﬁ?’e%gforg@é ﬁgt 4C.
Cell's yer @Jhﬁc!hetge \9@1@@@&%%\?&‘&1\% Tch 8¢ §ttddacabimio hefstibject ét%sdb%ﬁ@'ﬂliﬁﬁhmﬂ 2ml
of Iscove's - 0 January 2005 wo ozn 2s2 PCT/US01/ 23897 nodified DVEM -

cont ai ni nghs%dgsﬁtomvssm@mvbm gammeamwd inteckulik ladlebiey (evighL §-£> Bun on
t he FACSVant dard FA E t

tver ol PEGRan HEBRRT or T GLFHTEH BB P08 ) OF MG AIRE FOBT BT o

pl at es Cogltn% &HeHQn #@c}rg rﬂa?ﬁ:? (e SBRiNER ﬁ?%@ck@b%eryc@évllcede@é‘sl dggdat 5

seedi ng, sur ace su ulture tinmes were varied.. Sonme cultures
were re anedei ee hymFAGI‘unoa’hm&mdm avgémanmhyalbfchcbypthblstcaci%m dilpgnt ip week

rat duct, Percoll prep lo D ssociat I L] t f
gl 8 combiing pelfa g e FveRReRroan Fioblsy Eymarcepgally 2 terbtte cadrpands
Cul ture ofy I fQ& t ed
cel l typesﬂﬁ(?ciﬁrt @ uﬁg S‘liﬁ?el(’ %ﬂﬁ{f}%ﬁ%l{}ﬁgﬁ?\iﬂﬂé}? %sdfv%ks}’ua%'dibg ti r? e%h&f 1]?13%{? o] F?Et hat

cause (€. @gse pf Richl daldératand mllueﬁnsemmwmmzﬂamhe@mar £ eoLunom is preferably
differentiation to islet subtgghes 25 In V|t gr.owt %ggfl og diffe entlatl on
7

Expansi onsteritepangniluidi torihe sEDh Mgy %P"?bé B’u‘“éﬂsj% NS SRTARAS ¢ he

fol I ow ngsf:)aglseetruy it tﬁgséon?:lﬁiong of manufacture and storage and preserved against the

15 contaminating action of microorganiéms such as bacteria and fungi through the use of,
for example, parabens, chlorobutanol, phenol, ascorbic acid, thimerosal, and the like.
Solutions of the invention can be prepared by incorporating progenitor cells as described
herein in a pharmaceutically acceptable carrier or diluent and, as required, other
ingredients enumerated above, foliowed by filtered sterilization.

20 Support matrices in which the progenitor cells can be incorporated or embedded -
include matrices which are recipient-compatible and which degrade into products which
are not harmful to the recipient. Natural and/or synthetic biodegradable matrices are
examples of such matrices, Natural biodegradable matrices include plasma clots, e.g.,
derived from a mammal, and collagen matrices. Synthetic biodegradable matrices

25  include synthetic polymers such as polyanhydrides, polyorthoesters, and polylactic acid.
Other examples of synthetic polymers and methods of incorporating or embedding cells
into these matrices are known in the art. See e.g., U.S. Patent No. 4,298,002 and U.S.
Patent No. 5,308,701. These matrices provide support and protection for the fragile
progenitor cells in vivo and are, therefore, the preferred form in which the progenitor

30 cells are introduced into the recipient subjects.
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mar ker for Epithelial Cells. PNA nmarks the single |ayer of epithelial cells
in the pancreatic duct. It does NOT nul: islet cells in rat, in contrast to
the repoyg od/ipsthe literature of beta cell marking in por @CAGSOER8YS. |t
does not mailc blood vessels or stromal cells, by inmunolustochem stry. PNA
mar ks the epithelial cells of pancreatic duct in adult animals as well as
the epithelial sheet in enbryogenesis (shown at stages el5, el6 and el8 in

rat). (ii) PNA |l abels cell surfaces., (iii) PNA I { o~ ,

unper meabi | i zddRePEFIERt IVERHONENGO HBg’éeéi‘ﬁbs%ﬂV%t%@Qﬁéﬂ%gjrultaé:cﬁg%gg ¢ duct
(common il : JREKS B vARaE Msotdies ARGEId Sitle thsufficgart obul ar
duct s an%eﬁ%g@‘ﬂ%{m@eﬁ?@%@fr g&gﬁufﬁﬁr’g—lr al obul ar dugt s. (v) lPNA is a suitable
reagent fractibhingrofsieepaeredst i vated Cel |l Sorting. PNA allows a viable cell

sorting and recovery by FACS, (Becton Di cki.nson FACSVant age) ; - itive
cells can be éﬁ?rﬂléﬁ%/réier g |SpbleRt FTORSPEPTASELS £ P85 1S l%gl%/%*fsg‘gﬁ“ggé PNA

| abel i_.ng _t o . Lel.e | %, 4ty Bk&Ginduatid BRIveHAY €For

Appr oxi nﬁ’tr%h@ag}slEfﬁaao%arge%ra%opt%tgeg?%tglsf?a%&%%si tive by FRCS analysis. The
per cent aggstaRes tioprapesint celisheag e viesed toymhdudet popldtions eof( ilfgrentiatgdys i n
FBS). PNA-positive sorted cells are 76-94+% pure ugon r eanal ¥si S, tdgpendi ng
on the s@Rawedti esllsofor: Fepais GTubsqBERE 1% PHLR! ngfﬁe,at? MEY>s&Pe tH 81 de,

etc.). The PNA- ti o] .| ' 9 [JAYZ-3 b tPMDesRited cells
have favdPas neorgﬁlg\?&aﬁx%ﬁgr ?a“g%eg%lléég? P%lgce?pcgﬁuzﬁ g’?% cél?ggl(u‘é butN%gn-adher ent
after songhlag phicagicsaciuduots datlts, padcecatolysisi epmdshtrictivayel pancsghere to -
substrate ‘and begin to grow. In cont,r,as(iu, whol e singl e detﬁ sit and begin
to sploeadisafe; suciDas pancreatitis, ag-abFonditon Edéﬁélwgbéﬁ oigwmea 1P HFURERS Y in

t he absence of c Iturncle ad oitfoq%&?ﬁtan@@ unsorted popul ation of cells (Presort)
prol i f er ¥ EECPELY IS M BNA PGS T T ve Sorts are slowest. The inplication is

that other celth dnypeempIas diesodihentPti- bRt progemiedrl @!liarcen be puovidal far
mai ntai ni ng healthy outgrowth, as well as_certain cell characteristics

(bel ow} . pRi#atssufieiing froat pry insubmdefisiencyolippden kel HSBRIE 5887 ¥547eYPel | s

| Toaru7 A, SR prspatepen e bR bR Rrlgeple Hie it ©1

pr om fientgisalsmd itAddueslicalignsy She tomlNRaily busobi the United Stdtss iaveenR0dskion.  The
former exhibit uptake of Dil-conjugated acetylated-LDL, a. characteustic of
endot hel idollarse(langemiet 126 (¥393) afcépere 368102819268 | B1agsten g8 cherEHrEb Wed and

PNA- negati ve popul atjons grow jinto ¢ . 1. XL h e and

ror phot ogrbereht Yiattedincnl chShRatil LR of lost Bl fortek GRS

Ac- LDL- pQgiitiiné8s b metabol MRk de! defihed bk présbifeendohtdnicllgeldvated teveld afure are
insultn or PDX-1 positive. Many cells in the m xed Pr es_ortqﬁm,l ation

are posi thloel glacossdhypenglycdmiod Ineuln-dependenifKupest) digbetasangliiug & Jstrong
PDX- positive cells are weak or negatjve for. P fron . ' itive
cel | gZOar gefts 1 ﬁsi@f%‘@%‘l@ﬁ‘lﬂ?%g@%égf@%‘%%r@%sﬁ%gljﬂﬁldgw\%ﬁg gg‘l%] type
to anot he nsé%]uéﬁfﬁ ks %@ﬁ[g&?udﬁ&ic{n?ﬁh&h%h?ﬂﬁhﬁﬁ@gﬁ%ﬁﬁaﬁ @hbe Ctlabeti@s are

pdsitive Tor 1nsulin and 1. TlITs suggests either that a small nunber of
PDX+ cel | gqgitdpisuliveraplddihenethatapy ¢ enseresurdyaly d¥entinsehin-gependeriélieedence of

the other cell types has Avated PDX 15 1 expressiqn kh a
smal | cardiglsiesm Wrx%l\”p?'aﬁﬂ’i)\}%m&ﬂ% hppgEn %f‘?ysﬁyﬂﬁ Y?ﬂggﬂﬂ@g anréosr%ﬁ’ci@s much
hi gher ( ELOHSmAN LY&hY iREli® (Hypkdinduliasmia)s h TPpeX Aladstson in
t hese cumlgglg&gﬁ%fﬂpr epgé‘fe |€£:% %lb !1 prgéygi_n is a (ggul a?lcj)r ~of Insulin
expr essi ofissué pideessen tihich entiol sarhglesirate metabotjsmsase believed torhmmydesregend ti ve
‘e sensitivity to insulin. - Progression of the Type 2 diabetic state is associated with
increasing concentrations of blood glucose, and coupled with a relative decrease in the

rate of glucose-induced insulin secretion.

The primary aim of treatment in both forms of diabetes mellitus is the same,

30 namely, the reduction of blood glucose levels to as near normal as possible. Treatment
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| nsul i n-positive. 20 d ucagon-positive cells outnunber PYY-2®3ariuane2@ds | s,
al t hough both are rare in all sort &acions. Previous work has indicated

t hat PYY-positive cells precede appearance of d ucagon cells; thus these
resul ts waulah2ssggest progenitor cells have al ready progr @3aseb2$dhd this
poi nt. Based on these findings, we conclude that the ability of PNAto

sel ectively 25 detect pancreatic duct epithelial cells nay permt the
recovery of a population of cells containing an islet progenitor cell type.

These cells_in ensel ves appear. .to be insuffic I t0o,s |V
differ ent‘?é{@e { H‘aagg?eé ,lllYﬂlY‘FgraEE’éII“FtEa“c?F Offéglfqgcfe%neﬁ’ggos&gtogﬁ%ﬁﬁ%‘eﬁb%ﬁ Bration
and di f f egent.at op1 é\@'a?atb@ﬁ%; GRuctiWARE heEtdqane HeRIRGENLS of itsalige Fot ep
forward in being a Ype to performrecConbination experinents to identify the
conponent exaafplaciniid ahgrapyoogTow hdiabeteamay hieshased on 469 and Ifetylashanggs 2005
CVvO 112112s2 PCT/ USI || 12aY97 Fiagg{ es 15-17 illustrate th glhenot ﬁﬁe . Of

%E)E d BRUEe

cel I's whi ugorenied By dherny tWifte QT GHPPSRECEREIG IAECTt BIFL 75 rie

basi s of tal.pni b anr O+ Nayk & SPekd Hiehdey tof PNA
i n adul t @%Pgn%‘?goﬂr%géqugﬁg’rg@‘%’%&%ﬁ%‘%&% Légﬁéar%%gf{a?l | ustrate thg bi ndi ng -
of other heauéhsohgoldflilypeglycpancincas. atiehpurtesmfmd® tomplitatiane of Hbe
specificity of binding of |lectjns to adult human pancreas. Exanple 4:

| dent i fi cdis¢asn, whichanan apise fiom iskeh exh@BEHQ- pr ogenitor cells In order to

| nprove our teghnique. for .i.sol aftjng. ' L QT I Aead 0 have
designed a propgoc,%l < %4t%déksg€ém@%u%nﬁge%§)§%%?§st 56 g%%gﬁ%gn%aﬁgaito?%s be?a cell,
or its presupkiing KealtRy Pantatict Blege nsudkpesspsuiateprinfa embranegenarcad, t he
met hod applies single cell cDNA anplification to?P%;eeQ,e expr.essj ?n I;l;\nﬁl ysi s.
In suth ainmmunerejedtion. Jewes gouera srprarches havpebispiteed ngnirgalappgels, Inghe
particulag_sta f devel opnent, can i il I on.
5 br i of | §este AR obHEaarE ef B B6ud Bl ot bRl Seh Bl b 10
CDNA fromgigehegabla Ebwguw @6t Bytidieobhdrt! theCddviceRGRIded sbszplad By Br ai |
et al. (1999) Mutat Res 406: 45-54, and |abelled wth_ 32P. The cDNAs are
then sel empaipulationefitht mevdrane peameabdify o arde sHgwdreedlilfusion plglpcase 3Ad PDXI .

cDNAs of known pancreat i rkers are generate P . nyl on
20 menbr a’ﬁé‘gl.m 'h’?gfg rﬂé@ufﬁh@?%‘@a ‘BPI@g{?@g’d%tog‘ﬁ% M %%%%\?\naﬁh&?tﬁgg F‘gg’el | ed
si ngl g cef 35, nDR0aEALRGH R ARAINeIRE Pindéatédiemized ayintisrdagedistl to
“define and 1"dentify the gene expression profile for an individual cell.

Fi gures 2i2device (Sublivanl et ak (Yo pStibrecei58t7d8bl . Figure 20 shows the results
of

In a second approach, hollow fibers containing islet cells were immobilized in- .
the polysaccharide alginate. When the device was place intraperitoneally in diabetic
animals, blood glucose levels were lowered and good tissue compatibility was observed

20  (Lacey et al. (1991) Science 254:1782). '

Finally, cells have been placed in microcapsules composed of alginate or
polyacrylates. In some cases, animals treated with these microcapsules maintained
normoglycemia for over two years (Lim et al. (1980) Science 210:908; O'Shea et al.
(1984) Biochim. Biochys. Acta. 840:133; Sugamori et al. (1989) Trans. Am. Soc. Artif.

25 Intern. Organs 35:791; Levesque et al. (1992) Endocrinology 130:644; and Lim et al.
(1992) Transplantation .53:1180), However, all of these transplantation strategies
require a large, reliable source of donor islets. - _

The progenitor cells of the invention can be used for treatment of diabetes
because they have the ability to differentiate into cells of pancreatic lineage, e.g., p islet

30 cells. The progenitor cells of the invention can be cultured in vitro under conditions
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typical single cell nRNA PCR anplification reactions. Figurg02dnudry 2835 at es
the changes 25 in the gene expression .during pancreatic devel opnent, as
determ ned by the subject nmethod. Figure 22 illustrates one enbodi nent of
an arraywafoxerkers for detecting beta cells and precur soP€TiiSer/nig47. Fi gure
23 shows typical autoradi ographs profiling gene expression in adult and
enbryoni ¢ pancreatic tissue, and heart. Figure 24 denonstrates how
guantitative 30 anal ysis of gene expression can be carried out as part of a

determnation of th ene 70 0 nuary .2005 ~i' O 112/.12152

per/ Ust11 1 on e S88mter el B PR el o et R T vstenos
aut or adi ogiaRhferps ngér!?rﬁ&tig NE vEPERR ShesducBd SRy Qbjde:, PRIGY Sadthsdstfos sue at
different stages and after different stinulus; Figure 26 illTustrates the
quant i t at enepaulatiys icsllofard heoantior thdi agr affdrsexamdelr & s2dres hafvg islet cells

aut or adi ographs profiling gene expression in the_so-called 5 floating -
pr ogeni t oPTOdBeING igadia i saerPEated dn anplapiells holavelibesh gSushglihess 9an b Prgst r at es

the quatitative anal ysi f ut.or adi f JElLqur . i t he
cobj es it SRk Gy dhadcl ol MY FIURLAR D RleeB MR 135, PHRAIML OF
express PhAomBRhE: hiebisifertal eXIB. Bt NG GINEHofrhAY edrag, {1008} Eksol at ed.
As the cells differentiate to insulinsecreting cells (insulin+), they

becone PNNsyrop(pl1H0:3hé4chegérat ab(bRMifres. el Bes. 8A:41dtadud Biebisches ebei ng
PNA+, PDXI -- i lin- - I - d, cyt ok in+t. LFi 29
chows ¢ ot BIRIT Jb i@ el a7 sondr S BE P sR s F P ot v ©

i slets angdyy k&gle ??’W S5y SbARTROB. isfex 8N @ igr UlgHagat 6. agddiDobr om a

pancreatic duct - eéd cultfure transiently rescue the diabetic state. 15
SCl D icr | Seficame UnBr Bateit BiondgB 581388 Saganwrt et Al.eflA§8) Werrghtdrpetriifolidemnvas
259. Streptozot Qgi Z) S purch from Si , and i N a 30 mg/ m
sol ution Bﬁg@ﬁ %ﬁ/l@‘éﬂ(ﬂg m%q\%%na% ﬂﬁuff@) % elff?gl? E’Fg'ag?ﬁr&g‘llie%éi STZ
at a dosepgfs é}%ge{rg/ l%lﬂﬁﬁuﬁa%?’icﬁp 'i.'g@_isgﬁm prior to fasting bl ood gl ucose
(f ood removed the pr eVi ous eveni ng} ‘on"the norning of the 3r day post

i nj ection. D ahetétaiarembdimess,cthe hele ofahé anvetitibo sy elsblbeogked| focalse i n

excess of 200 ng/dl with the average centering aroynd Q ng/d]. Insylin
pel | et's (ﬁ%@&%q’f«@rfqé@@akeﬁlswew@hﬁ N§T> phdisorderseod dusytficient prosuctien ef ne

i nsul ro o] i ; M ' :aneousl y
over Fhe" Beab AL Sych P HiBcitBEBelplins TR 30 K Akl pely SHORARRGELS
(bl ood gl thefape patidfd® ng/dl), either cells derived frompancreatic duct

culture, or isolated adult_pancreatic 25 islets were then.inplanted under

the renal capsH geitpn wgnbodiaents.dhe (fells CAIthe ivcation @32y #se herussddopde or 106
cells (nop: cel . ] } nt ed
into m( Ce&ea&ﬂ PE%%‘;%%‘{%}&L an%%% %?@ﬁ\%%f:fﬁp%ﬁag@g%ggﬁ{t éﬁ"%’? ?or‘gﬁ I r?gﬁ%nl%n pel | et
only groups. 6hvc&elih ehifpdanéms the cellsliof dhed Brvegtitro wisy 4165 be ivded ad i on.

For all groups fasting. blood glucose was_neasured at standard intervals by
tail ¥ eeepnditipps of skeletal muscle degeneration or damage, for example, muscular dystrophy.

Moreover, in addition to providmg a source of implantable cells, either in the
form of the progenitor cell population of the differentiated progeny thereof, the subject
cells can be used to produce cultures of pancreatic cells for production and purification
of secreted factors. For instance, cultured cells can be provided as a source of insulin.

25 Likewise, exocrine cultures can be provided as a source for pancreatin.

Yet another aspect of the present invention provides methods for screening
various compounds for their ability to modulate growth, proliferation or differentiation
of distinct progenitor cell populations from pancrEatic ductal epithelial culture, In an
illustrative embodiment, the subject progenitor ce]ls; and their progeny, can be used to

30  screen various compounds or natural products. Such explants can be maintained in
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b 20 January 2005 WO |1 2/12~s2 PCT/ US01/2INJ7 As shown i n2@Ugnuaey 2005 a
het er ogeneous popul ati on contai ning functional beta cells derived from t he
non- adherent portion of a differentiated pancreatic duct nonol axﬁ

i npl ant eWq Btig+¥nept ozotoci n (STZ)-treated diabetic mce. PEEE ’c?é7
injected with STZ becane diabetic within 48 hours. Insulin containing
pellets were then 5 inplanted subcutaneously to stabilize the bl ood gl ucose
and create a nore stable environnent for cell inplantation. The insulin

pel | et Al YORGret BedX b @\tc?ndéé riD@SbF kR | (811, &bt P21 Alayd oFlchkeand
(T11). ﬁﬁﬁn 48 hoSr seof pel | et |)rfr)§ | ant the f(agtl ng bl ood gl ucose of these
ani mal s wemebe edntetedf withn ealyr@rgmuuﬁ 280- 30! nyylcnulqopoaamgallm@é@tt &ghess

t han 50 ny/dl n test groyps eit eII or adult et ositi,ve lo
control \/\%ﬁ"@"ﬂﬁﬁjéﬁ%ntﬁl %%?%Hn‘h#&e?g SBH ICOBRPBY ém Oﬁ‘?e fﬁ%i‘iﬂaﬁa& B teT13)
fasting bfé%ﬁgexgﬁ{ﬂ?%?edl ?elﬁﬁ&w(?d ﬁ@gmﬁﬂabéllsaﬁn C{Hé/%xéﬁut 21Det@5ﬁ’or?%nd5| ack
squares represen acebo group = m ce) as expected, in the
absence o&luanus'mhuam of gﬂ)vhhpmbh@lrumser cillfﬁavdnmatldm nﬁ&tse)vdts ini ieepanse dehl over

300 ng/dl.. Aninmals n-ae Ianted Wi tLi ulin I onl nd no cell
i npl ant's %EW%CB@PPB%B@V Sé)éB"eaélﬁé%F W‘f%m&gtt QAR %E&g “%BPF‘S\Ned by

di abeti c &%bm mlggé }A?ﬁeeaﬁay faﬁffe%nﬁaﬁ&lw t%n Ba&alees@u&ﬁdwms of

di anonds) A reé|V|ng|s ets ue tri angl es, 5; 400 i1slets per

ani mal )  shexkgingecdlk proliferagon erdmeﬂslmmmm the ast amlgmbktocnimgbmkyomluldel ng
mai nt ai ned at approxi mat el y 100 . The ?I ngl.e surviying ani nal
recei vi ngdetereningng DN atbesis (Céliaé”éF?UéW Ofecell geplicatiqny  Ahets, glRe HURSEMSnsi ent

reseuf O b g PR 0P A Sin 19N O £ U IR ARSI LE A 2

Iomer I"ticos ore-rebou o pre-inplant

bl ood gl Uﬁ@ﬁﬁvéxﬁiﬁﬁ' In abeaitokdindit oPduciheaition, DINA sﬁnhcsmha@hem detelrinedds:
| sol ation of roancreatic ducts 25 P14 rat pancreas were coll ected anpd

di gest ed wiingh aCidicrgtiviadabel | Fbthamridioehiy lakeled syclertifecanatostat Prdbl orvi ¢ h

pds, 1 SRt ny ShpnialudbioRie ohinelRaha 4o PNEREER SERIARIRL" i

HBSS.  Thegdye 048 REPSHR GV feorh 81 dHRABERUsiBE vinddus@onchitaRencef theover
45% Perco% gradient (at a 1:1:1 volune ratio) and centrlfuged at 1970 rpm

for 10 BOGampnmﬂs A Tomral ustay car lso be pedemesd fatpr@wée R hessling & cHOBIPAEEIN- t he

t I d.t 112112352 I 11t
| a0 or uaRet e R e or oo Pe BRRLY AR B R EMAIRR BRI M
caref ul | yag%h%ﬁpb@bﬁméd 0 doBétdgab s§él§ﬁlféﬂ§bf?ﬁzotﬁadﬁ§crfb|€@ abwsect i ng

ni cr oscop€. Dissociation of the duct cells The duct suspensions in HBSS
wer e cent v ugEdemplifig@@nr pm for 5 minutes. The

The invention now being generally described, it will be more readily understood

20 by reference to the following examples which are included merely for purposes of
illustration of certain aspecté and embodiments of the present inv_ention, and are not
intended to limit the invention.

Example 1: Isolation of Pancreatic Progenitor Cells
METHODS

25  Duct isolation and culture _

Pancreata from two litters of 2 week old Sprague-Dawley rat pups were isolated
and placed into 10ml of (IUIml_in DMEM) Collagenase A (Boehringer-Mannhe_im, St.
Louis) and digested for 40min at 37°C in a shaking water bath at 150-175rpm. The
digest was vortexed briefly and washed once with Ca*"/Mg"'-free HBSS (Gibco BRL,

30  Grand Island, NY). The pellet was resuspended in HBSS and filtered through a 500um
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duct pellets were taken into dissociation enzyne cocktail cBdtlanusamgids 33
mg/ M trypsin, 0.7 ng.mM hyal uronidase, 0.2 ng/m |ynerenic acid, and 200
Un DNAse in HBSS with Caz+/ Myz+ and were ui cubated at 37 degrees C for 4
nunut es Wobt/omsd by 3 nminutes incubation at room tenper atRffiéUSHREEY

di gestions were stopped by the addition of volune of 4% BSA in HBSS. The
di ssoci ated duct cells were passed through a 70 to m cron nylon nmesh and
centrifuged at 1450 rpmfor 5 mnutes. The cell pellets were washed again

i th 4% BSA i p HBSS with [ NOZ. LS00 i .
\rMets uspe nd]é%fh: (ﬁo?tﬂ%égﬁlégu rcggﬁlgi’%/gfzhg#a Eg% l\}% % %%Oa%lhjt%}\ elfI:i'lre§J 5 ggﬂ ﬁ?ﬁ%%sg gﬁdv ihzb\l/vgr ©

cel I's. Dygtsosphermanl t ohEwhotrag@eabioan 1T binscuttussgiaiesCeetad Cotning)land wer e
seeded at the density of 6 million eells/P 100 15 -Petri_dish in the culture

medi a corplaiedimmderlodisegching sear; Individiehilugdiagments Wys ftleries DYSSHEeR TGra,

30 ng/m 1.GF-1 and .l G=-11. . 2%.B27. suppl - : HEVES, 2
| nM gl ut dhé, EERP PR %Hﬂ?f???%%oaﬁoplg‘%g&%gﬁ}&n%% lsﬁze?épﬁ orr%%ﬁ% M F12
medi ug Hﬁﬁ%u QW Bre§ QBRI RN BiPPERa secdndetin® dianfestedrtp #8ebli abesofaf t er
the initial” plating of the cells. The sphere passages were made b

obt ai ni ngnediem2Mmdsgireme end rwashesh beforo beingdlated s o Fraamards Psee sPRERE S t h

0 o AR e PR S B ER AOBA LPBS AHE o
grouh. | B BEANTES S bk yar 08 el ri st s o

2 is a Lidnets Basafrowrdinu8nweilt dhabbes slitiesKLab-Tek, TEmerviieil).| Epr gaperatingd

| G--11. Test Media i.S an 2 based M F12. Basal ' ' bFG-
b UPF. analdeEa NAGS SRoRrerans aie B P et e didehBulch Jermien oot
Medi um 2. QQ,FQ : RRESH: bealcbhflgdnck Mokl lyMadisum 3.
(see Fi glﬁl‘g@i‘{?f’."@%@' a ?%h%?bg%ﬁﬁerentaiﬁ%eti on of tﬁlef g%?:t' sgheges The
spher es varcaligehitd Yscoob’s daMEM fupptembeted withuf% TSI glmamine Rend¥repiandube and

-73 20 January 2005 WQ U2[12JS2 PCT/USU 1/218.)7 the r e

al | owed tlée}'@étetthaémt?y(lg%vﬁ'ﬂﬁ?{asﬂ(ﬁé} %‘fﬁﬁ‘g‘*é% ?@Pﬁhﬁ#@eﬂ@%ﬁt@%@’gﬁm |

pl at es cqaialni kX i.f ferentiation nmedi'um containing 30
m cr onol g?l%gé(ﬁr‘sﬁ?%g%,e}%gé%é&%r%%?@grO FBS in Iscove's |lvlodified

Dul bggco' mnMadhicuischdrhisp M gl ucose. The cell's formed a nonol ayer on the

matri x and under, went_differentiation for 4 to 7.d apd he

st opped for di¢slaresnduglsi 31 pRp- Fﬁnﬁﬁelgﬁ YRe B@déﬂg){/?sp%g)%\gﬁqgﬁé%@gA
Resul ts: l:S ' [ it (Bt Ko, idific Sesh as
cor. | braPonee e in b Hrfdlalsl (R LR GR BHRE) INBM el AR T
spheres ayge Wodkedimdpeincib@iofiainsa bbckingetniffer tcondistirzedi HY. nourfabdonledyl s

becane attached to the bottom of theo)al ate, but t B%Eis]ghgj}es .ﬁg&.e found in
suspensi ovrum élacksmdmsannoR esensch) aad d %o BSPp(Sgm@yin OB YERe pl at e
(Figure 4L1.).. The. e ; . LPogvery

fi vegaaysd]i%#da neﬁﬂgg’Tocﬁsgygﬁgeﬁl gféﬁg%%hgmtgﬁ %@%&%eﬁ%i@? ér B_I ating
of cells @RmiFiR%tMNT inXa hidsdifie® chanbérgrRireaycntibodies heedsyaer gsingbpignd

formed a nonolayer within 24 hours of plating:. The cells re fixed, by 1 %
PFA and cutitiaswind (linee, adt3008)utmousRd aaHtpsWNBSTPRSHH @38&% n, APy

expressi ng _ce are Ln clust - c}wg@g- g@l&g s b Dt

expr essi n‘%’nt':1 s f‘“‘?;t"s‘fﬂﬁt&’eﬁlﬁé%ealt‘@%s‘ff?‘ﬁy%‘z#’ﬁggﬁre un ﬁq’ ent i%té‘f gr(l:lncel | s
in the pogibapbhOLindgSI 28005 fywieC ahlivomatvetlar (Biomeds| &i50):ekabbit anti-
undifferentiated cell's. Qut2 is a marker for cells tendi ng tomgro@),
becorfisng pranteedapplypepidedZyaeds 1:59hapbbifanti-applase (Sigmey §il»08), 8¢ 301 n 4 96

oxpr essecbaD R bISR AT PhsstpRr Wbk YFSHTL P S ARARIIBIRAR | o
Pdx-1 expeffsy Naglts SweRk: t RETCLaijegatédddonkey anti-guinea pig IgG (Jackson
ImmunoResearch, 1:200); Cy3-conjugated donkey anti-guinea pig, rabbit, or mouse IgG
(Jackson, 1:1000); Biotin-conjugated donkey anti-rabbit or mouse IgG (Jackson, 1:500);
30 AvidinD-FITC (Vector Labs, 1:1000); streptavidin-Cy3 (Jackson, 1:1000). Cells were

7\
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interspersed in these colonies were gl ucagon-expressi ng cel 28 Jafey §0@cagon
positive cells were not Pdx-1 positive. Gven that a colony of cells on the
plate are likely to have 25 arisen froma common set of progenitor cells,

it appeaw® izhais2a single group of progenitor cells is abl BTdI¥¥Tise to
bot h gl ucagons expressing and Pdx-1 expressing cells. There were about

24- 26 Pdx-1 positive colonies per 96 well plate and each col ony cont ai ned
15-20 cells on average. (Figure 44). Co-staining for Pdx-1 protein and

col oni es. st okars Suigecard el 1Y Bkt il o gy
January Zﬁ%@ M\Qﬁé@é?ﬁg%ﬁ%%l 1 /21837 vmth the Pdx-1 expressing

col oni es out 16% of Pdx-1 positive ceI |s were also insulin positive, and
some i nsufinalapedli dINVA aeilifeatipdandPCRapalesis Pdx-1. This strongly suggests

that Pdx-1 and | | q ¢
pr ggenl ;(or 22I FQNSU%QIBEE‘S% ﬁlﬁ:f’g? a@Bﬁ‘?cﬁ% 11\63618&% ?{He(@?gﬁeanﬁe 0
(undifferg dc%%&@x PsRSSRURAALS vl ﬁana&hlsﬂfsm@&%a&ﬁh%m@hem wer e

di ssoci ate nto cytospul slides. Thé cells were stained with
anti - nest meﬁmnthﬁdigase-cﬁlﬂ%ﬂi bufférl mfmmanmem\lﬁnsypﬂmnéland subsgqyesf

greater proportion of nestin-positive cel h fter i tiation.

Thi s agai B¢ &ﬁg@é&i@@ﬁ&fﬂ%@@fwesswt e d&%ﬂ”fbgggp a&ﬁ%‘}?‘f {*iéﬁﬁfl’{&?t Cell's
from und f

P 1/ 1 ms e HE g e e e B o B B oy B

f I uor esceghphiied oM ORaverdkiconophvrtsed oa avh% egddse-gel embﬂE§memg' IM¢Al s, the

ratio of positive cell/total cell popul n_was | eres in
gr owt 0 st gﬂﬁn@ﬁ@pﬁf@ﬁdﬁ@% 05hdnkh 3 @@rFiE f rﬂI‘QBWéPgV\%é‘fli\ﬁm\éql ¢ ¥r&nt i ati on

(appr ox. 39 r ﬁqgap@[l;

Hemat opoi g} ﬁ’%@%ﬁ %gﬁgﬁkégbp%ﬂ@ﬁ“%}gﬁgm%@%ﬁ{ﬁﬁrg ia rmIlésr?)l ation g?aEP{r)lr-lS fetal
liver cel \grd@hdbr 3 ¥filss dbRM FPE. Br BOBES S8TOor damikgaed 72 ot @dniand
titurated to.obtain a single cell suspension. Cells were incubated with a

cockt ai | Ampinmrisaqusmmgargeareed ant i bodi es specific for the fol | ow ng

Coob, ‘z’p"'A TerroqRC PR TC P pa HEea T Folty S i 10

| abel ¢ C@A@Aﬁéggi@ﬁéﬁﬁ@@@T@@&G% NMiaserdepl etion col um. The flow through

fractlon contain the Lin- cell popul ation. All cell fractions were FACS
- anal yzed CHAAGEGIEEATEEATITEAGAGG: RPX-taAdptilost.nar kers at the tine of

106 Lin PeCPAGCIEAQGIIAG L pepidt caGRB B TR GARERIGRPE Tl (ure”

medi a (DM 2 1eetan e gitsenas e fer, 100 Ui
Penicilli %E%%ptso H%zllel;i 1:50 dilution of B-27; 20 ng/m EG-, 10 ng/m

bFGF). Twe’ siipar, ATEATTECGEACABATOREGE e est abl i shed; Henesphere Culture
#1 was supplenmentgd with 10 S ere Culture #2 was .
supp! &frenPEa-3fRY RIB§g é@@%@%ﬁ %Sﬁ#w 50 ng/nl nFlt3 Ligand.
The cells %Eﬁ'ne‘?,' Ahedalt Th&IAAC dhc TCC eAdanuary 2005

" Insulin release assay

Insulin release was measured under static incubation conditions using NACs,

isolated ducts, monolayer cells; or batches of 10 islets. Cells or islets were preincubated

25  in Krebs Ringer Phosphate buffer (KRP) containing 3 mM Glucose (Sigma) and 0.2%
BSA (Sigma) for 30 minutes at 37°C. Supernatant was collected and the cells washed

once before further incubation in 17 mM glucose for 1 hour at 37°C. This supernatant

was then collected and all samples were kept at -20°C until the insulin-specific

radioimmunoassay was performed using a RIA kit for rat C-peptide from Linco
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WO 112/12152 PCT/ USQO /2~8' J7 respective nmedia on 10 cm non- 2ddanuany 2¢0%st i c
Petri dishes. Cells were incubated for 1 week during which tinme cell
aggregates or clusters appeared in the nedia. Cell death was al so apparent
in the oubtoenes: After one week the cells were trypsini zatTwoseizimgie cel | s
and re-seeded in fresh nedia. Each tinme the culture was passaged by
trypsinization new cell clusters formed. In both culture conditions the
cell clusters contained only healtlry, viable cells. C. Renmarks on the

cul SCE adde d
only el Kb Shicbate 140) Ther s UKD miaparae fone b rar i o
evi dent ip.§l Q&aﬁdl'ah& &ﬁcat@@g HbW6 asddvé abI e to cells and dead cells. The cell

clusters grew as | oose aggregates I nh suspension (see Fig. 48 and 49).
Al t hough Cileived Instebies coul d becone quite |large, the cells within them

el o usters NSReaeamBRPYcHbal UAs o mevEseghpe niirs BEPRCIRLLD
popul ati &3& 1§§uﬁglfgr ?ﬁb{]fater\ﬁbﬂecgﬂlgggtg%{ﬁnﬂg ”@M' BIHE-8Sace@x -8

. viable ce i'rregu sha S many dead cells ?Fig. 50).
~This cul tagte.e @\tlblemﬁdr fPln@HSES)’lllghﬁandaﬁd |I&1’ﬁb$)|R.1f1g¢rathphafat &RPnrouiat tthate # |

Cel |l cl ust did t b | L t 1...F
Anal ysi o asiamelr etaipd ol tée SRGRE o AMQSER| BFaReth 2P el Gelinaii ace
anti gen profllse @ Oﬁnﬂ}} C]eﬁs Khdrd thér FradfRd NBEmBEE @Y%g‘a{ﬁ?taﬁﬁhﬁ;&eﬁrcﬁffd qusly to

be hi ghly éenrich ong-termrepopul ating stemc th fromfetal

liver anchdatedmmi@oscop@rstapy (Reinpud), alewisimpinediene3diTer &licuB tfirceesédncthe
popul ation of Sca+, c-kit+, Lin- cells in the starting population of
i sol altted IE@BSIGV fas amserl geo AN padisator | qfningrapalbyar osplcum GOIEFGW‘FF‘W &¥em cel |

enriched (F t | etion
Cr ves | Aarstd o 6 b Blersgiiing (tblosc iRt foffalouly e PR 2t
Li n+ cel | waveliBHNGMs isét tbhﬁsLma- a?ﬁitibﬁiﬂa a(nﬂQi 4@mawn&r leﬁé twas udel. ddgs in
culture 90% of the cells remai ned Lin- those Lin- cells 79% are al so

Sca+ and seuiei p&EﬂI(l@tQtﬁ fosfleseri seansing werei @t foragachTaxpedment, jesliding comosals very

h t dead SSC
ol ot s ( Frapeinf g 8 Bt s e SR i g AARRE A b et S5
popul gt i ORH-RIIRE NG deddQIPBARREY Bachsé in ordé} td REBeRIe)1REHE-inced Hahgddsdn

PCT/ US(1112. 48' J7 The Sca+, c-kit+, Lin- population conprised 67% of t he
vi abl e cdhtracellnlar Iealciwmt The np&glgg fley wersestorsdhande subsequently palyped Wabul at i on

Foral 11 VOB OPetoh Gelb Giotri PRRSB Dhe it R oo o

R2) (Fig. Oﬁﬁe citQ¥Bhrehd WHY ploBad Sveelilne. After Lin depletion.it was increased
to 1.99% (Fig. 56, lower right, gate G5). Approximately 1-2% Lin+ cells

remai ned RESUBTRI n- popul ation (not shown). After 7 days in culture 7.35%
of the cells rerrﬁl ned . L| . } 5 10. 78% are al so Sca+ and
c- ki t20 (Asglad argel e the majority 10 of the

Li n- popul at| O @Rfe? t'&%st%lli)éheﬁs d%ﬁdlzrprwﬁo kédltu:re“\'s ﬁemt he papilafied Yofof the
cells in the total population were dead, as.judged I opidiumi od| de

st ai ni ng igtedlobglaodngts Wasemdha:;ﬁ ) Charaotaidedc abilule dissis Erh@l I-4r gentdi eldonal

opul ation.of_ -cell.s. ] Qcate e th onte andSC Iot

(P g, 57 e oaARERY O3 oy Saplig e (escuitir e ety QB oat Ry Fall)

popul at i %Fﬁgé%itﬁ %Qs&%r&n 8% Qbelabld i %v}ﬁétﬁﬂoelde%l &1§re'd3n§1§!€nt%ﬁ|dtgkﬂ'é’a@erl5

(Fig. ower right, gate G5): Virtually all of the viable cells were new

expr e:555| n_sgelﬂcaf tlead ects. WBarereticl tissue was dw@bsmdl argl subjedied mllcﬁllﬁﬁnaﬁs shown
gﬁl E E?eFS 1gestion %égthgllls()t& V\Hne?a}nml%gé C&EthéAngaelztyaﬁl ?9@5 % gesteél lesue w er €
handpicked in multiple iterations until a pure population of ducts was obtained (Figure

1). A typical experiment provided up to 200-300 fairly uniform duct fragments per 20
animals. Staining for tubulin beta II and acetylated -LDL-Dil showed that the selected

30 duct population was free of neurons and blood vessels {not shown).
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Cells ftomeach henesphere culture were cytospun on to gl as20gdanubrg 260
stained with zo May-Gunwald G ensa (Fig. 59). Cells from Henesphere
Culture #1 (cultured for 20 days) are shown in the left panel. Cells from
HemespheM® €i2#¢k e #2 (cultured for 13 days) are shown i n ACGHE'YRGHP? panel .
Cell clusters fromboth cultures show cells that contain nostly nucl eus,
with little cytoplasm This is consistent with an immature cell type. Mny
granul es and vacuol es are al so seen. The cells onthe periphery of the 25

cluster. (i n QuidhdfRtefikhtiaPBERE sHRfie: MBefigdfagrrmoiied by hgaliimatiipe dabsnot ype
y d granul ar appearance of the cells are simlar to that obtained fromin

vitro AGVfausxpoessiopReTinsudin, PANGH1f PY, mad amylase groteias) Lagicolmhays iyt the

AGW deri ved.endot.helial, cell line (Ref. 3). Exanple 8: Rat. Pancreatic Duct
Sphere Cuf3frEy nglﬁlm}ci(ﬁg fuets 8?11(“@8 Zggr‘%erigxe?ﬁz thse r?&??/“g‘ﬁﬁ'ﬁ&g%?“ at are
cul tured ﬁ%@%%%@?&?&%ﬁﬂ%%&‘au RS c¥iRhivedRb ﬁﬁhlin—l%munopgﬁtimwmhgoo5 WO

112/ 121s2 01/ 2J8J7 stemcells or progenitor cells for islet endocrine
cel | s di f sertest ewdturgnandDe cimilar progosieon aif slledudtn had sionighmeuncdiistechegnicably

di ssoci ation enz coc il containing,l.33 ng/m Tr3~psin, 7 |

Fyal ur oni d88ESPE B0l P sy B Rt KSied Fosiae oo 1 Mkerdt 1t e e
into sphetg, bt t ' | i Enab R tha0

ng/ E@%ﬁ%mﬁ%&{nﬁ”ﬁg@?ﬁ?g% e %q@gf gﬁ%%ﬁ%%mm Hahd wkdinablz 50 B27
suppl emrenP5¢CHDHime Bty dud celié HeNEBM@naphkith e fanhndin AQ0PDKA-propemi(mit! | i n

and 100 ug/m streptomycin in DVEM F12 nediun). After two days i lture,
the pri maf§ovepherigulagiyy BYYaRenesHeFe Ly Bew 1RRg: (CORSYIHIDE 80 drgre aé’n@p]:#l"on

rod 21400 FUS 581, MRS 00RBLIY P o trRpnalo |

| HC anal yghd prdBabRakprespited esodinkf @rreaidr aired ther ocbutieySngarealusiae. Thel ar ge
anmounts of cells that express both_insulin and pdx-1 protejns. Th

per cent agausber af gelly, cxnispuing eibercBPKs! jof théendesrie markers, Bswiin of 3’#‘( s much
hi gh h i , i
non- i ssobtalbda maliey CleSY AR 01, Cof Sk TRUPTKRASE, Y, o loR A, oM

sl i ow bet ygfuhshivtotlicinidhll e RBHbM dnRcH@S W hdult Yhenedshkatuhebe icbldy aptirat ed
sphere went into differentiation conditions for 8 days, the | evel of

'ij n??| il ei«prr@gmr dncfgr(léanm l}OdtiSh@WEhsﬁmC% Gwp@ie&gevdmh fragmenbeondaingst 3400 +
; ) | A . ; ) o
61 shove. L RAF el la=R dercmtns e TACHI Sl Y AN 22 BETL B S e 0T €

(Fig.61). irdQall st 31 i98uliD pbdiGid Léllstt Rhe SBitNef athid radgee feynd8e-40ssernany
glut-2 expressing cells. Qut-2 is a glucose transporter expressed in

mat ur e i shproximately BO00RGcehe(lakles). be a marker for (3 cell precursors,

I nterestingly, !

not .all the insulin expressing cells cq-expres | g -
protein. It magu s P gg?cﬁjﬁay!pfa)gﬁ}ghsd?gl? %él%tehagrﬂ? 35 “ﬂ@b‘iﬁ? i%vcgl,‘1 Wﬁéul in
posi thye gl B MEMIpYe BaEhYRS inth 4REI DldtésO.d BRPfvell) O0RRIUSEulsthles, and
that they are not fully 25 matured (3 cells. (Fig.62). A sem-quantitative
pl ot showwere extpd é8Eitrigel ofollapers dydmerls) byt theslehnest apdimobt. mtatesiingtresmliswi t h

their relative |lgvel, in three differept stages: fireshly,j ted.duct cells
t To, s P S s, el e, SR CPREr L AERGE d o Mo S §
days di ff gfQ (TRIHION -colPflify 396 fetASalt BaR gﬁ@spw& hAdRKRY Q2B vl 4Rl the at
T=0, ~6% 1 nsulin expressing cells -~s 20 January 2005 i 0 112/121s2

PCTI USI | | HeaRedltped ovet H ddjd. f €he tripi peneboim, Fipanaed/ showsainselin Saigingsin a time
differentiatlol cu fiea diS and X ét%smsbm%”_ 1 e c'of-re&’aeorﬁhin‘gpbﬁg%t Wi intaebd 83

analysis of single duct populations indicated that whereas at time zero §% of the duct

fragments were positive for insulin (Table 1), in as short a time as 24 hours, the number
of ducts containing insulin-positive cells had increased to 13% and to 17% by day two.
These positives appeared most frequently as single cells or small foci of 2-4 cells

30  (Figure 2). By day five of individual culture 23-25% of the wells contained insulin-
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Part 2. Different growth factors in the growth nedi um af f ecRotUasuandoes i ne
cell lineage obtained upon differentiation, although the cells were given
the sane differentiation condition. Wen 15% | COSR was included in the
growt h onbtypmespedi umin addition to the six grow h fact orGI/UShEH8Twer e
many gl ucagon-expressing cells after 1? days differentiation. Mst glucagon
cells do not express pdx-1, which is a typical phenotype for nmature a cells
inthe islet. (Fig.64). to For the same growth factor condition as

described in Fig,64, there are alsq.suhstantial .nupbers qf 1nsulj,

expr essi rigpsiive|cslls pa themegolaxgsy E@E%&E“xg Fnsg éﬁe’g'f.af%% 1 léﬁa)ﬁef—‘eﬁ’/aégsé?%sr?cl uded
in the growhh .cul ] 1198 Qbf AGI-BBURHIHH IRELM i N
addi tion SIHEFI? H{ei&o‘%%é?esg?@lg%&?ﬁmﬁggﬁgﬁ?E%Here were marry fewer insulin
expr essi ngeceklissulipavsitivefteoaph cditiran; however, the rel ative amount of 15

Somat ostatin expressi ng cells was greatly incr ea.Sﬁd. lgbe%t Somat ost atj n
expressi ng celingreggingghe hes ofpduct 1ﬁa(€i’i}§TScE‘Fr BetlgrepBiorsit & gppreaap
Somat ostatin _express| || > SddvR9sicReMind @ht be
t he pricu?‘g%ﬁp“?glafl ggu%eu&e&%oﬁa%@gtg?%%le Ivﬁﬂglgg (?:’Ige’cselg?s (Il = cells),
accor di NGt &RERfRANRCRIaLplabaeae havdshadardiEed) cub platinPata 18 welisoil )
derived, insulin positive cells are glucose responilve.

a
sti mul ﬁt edn’) rp@uﬁnwrmep@rgﬁom As FH@B@]?% prager ggwe akerlh yiekd: é‘gkiﬁvgfg 3325691: (Fig.
67). Thi - - . ! o "N A ob

) ! sqﬁ%gc? ?@f‘%s{@t ﬁ{eﬁ'tgo%?rlg%eglscgﬁtgfrg Ii@%&ge IpSuLb @ (BRSI ?-'S\éﬁ H%ﬁhh-s are

capable o regulatory actrvities o genous
pancr eat i GqftReGRlib ?er Rall {0.82%RiGstacelIb)sfor Mnaphene expirsionerfGefott 6 venrthe
maintain nulti- potentiality for both endocrine_ and exocrjne |]jneage, after

45 days ivtartiog troaterial2s IEvibis sifstest. ths maipsty At ¢alls @re VISR RosityRd "Bak- 1 are

co-expressed i.n na el | U St.i I I

Gt 17 er erepeRiany projferadye CiaRtied By ol sPRak) S5l ol Bl Ll fom g |
most gl ucagki ¢eld Surffindfie 18X Rp@StiaPRyerlof dioealier Thelissutindmenmofeavtioe! | s
whi ch co-express glucagon and pdx-1, suggesting the possibility of the

early pr elis sior capablesoff BrdUraptakebyt3hisaicpws aavalymotshovey). [The dpdsefi By, -79

20 January 2005 WQ 02/.12s2 .P US0112~NO7 .t her re | ¢S, t hat

wer e al no¥t obﬁd‘%mlenﬁ’&'ﬂoflflvggb@%?ass?g' | Helgy ﬁ@fﬁﬁ@ﬁ%@e@ﬁ%gﬂﬁh@?ﬁ*ﬁ@ e

m ght, pe &ﬁ%ﬂﬁ@ﬁ?& i &lﬁ‘-’%t {RECHohbRgert Aafeed! oS dbb@vaRinks fiom bethere nore
u e

pdx-1 positive during the long-termsphere culture. Fig. 70 shows the
Somat ost ainvestizafore dsmonstiatingethatsbéta colls thplicats aresy dufraquently & yrrorands fibws

that cells fromthe ab | i |
Car oy pebie? i Bpayohofity {45 ABEE Brntc DRI TP (A besond s Fhe. same
clusters &35 o hét ﬁ%ﬂﬁﬁ(@%&%& RgHbd e ndiBber SIAEIR doRfatiR@ine@id-Bostthps essi ng

bot h CPA I'nsul 1 strongly suggests that these endocrine and .
exocri ne @ik los ther mumakssr iof ébufingositivecalsne progenitor cells. Therefore, these
cells have a broad devel opnental capability, ranging lo from.exocrijne to
endoc?d ne cel | 1 adtHtion dp @i ‘ﬁ‘ﬁreésenﬂhﬁlﬁrn b%iqff?ﬂgrﬁ‘gléeﬁﬁg%ﬂ?sﬁf ’cgllg‘lalf'%/pes.
Exanpl e 9 Eygﬁ | L TIRDE Bkl W RmiRE RO dihylabs pbativeoselRf hunman
pancreaticc‘:bs uct ?g%g&hﬁﬁn%l#lg?;ﬁggatl cctrilssue.(Do_nor Age:y 5 9 60 years) was
obt ai ned &ftenmhbist iraplabe-Positied edllsResxmesshd Insslin (Kigure(MDR)) Celth exprgsingas was

i nf i th ' ' i i
' nfused Wllacgth %Q/uﬂﬁ d!':ul'fén anall?lgscs hﬂa%) egee%n documented to appear during pancreatic

regeneration and are thought to be activated progenitor cells (Melmed, 1979, Gu et al.

25 1994). In addition, these cultures contained a rounded and semi-adherent cell type,
many of which appear to express both markers although the insulin is faint.

Cells that express PYY and/or glucagon are observed in our duct cultures

(Figure 3D-F). The coexpression of PYY and glucagon during early pancreatic

development has been postulated to mark endocrine progenitor cell progression

30 (Upchurch et al. 1994). In contrast to insulin, the number of PYY-immunopositive cells
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wet ice in RPM medium Tissue was received for dissociati 020 Jatuamn2@ib
hours of donor renoval. Upon arrival, the pancreas was pl aced |n |ce cold
HBSS and di ssected free of excess fat, |ynphatic tissue, the s )

i nt est i YW 4N een. The pancreas was cut into 20 small d‘lcéré'ésa"”zﬂs’-"o 5
cnB8) and collected in ice-cold 1X HBSS (witliout cal ciumand magnesi unj.
The pancreatic tissue was then centrifuged at 1500 rpm and the pellet
resuspended in ice-cold Liberase (Roche) at | ng/m. The tissue was
subsequenglyy, pl nuc'cﬁhrﬁw?’Zulﬁr Tale t@f"\éetllﬁ thh0 QeRUmsehialebiigve Dhcthe
super nat an]t FPom pancreati c t| SS U gest was col lected every 10

m nut es an@nblagsd, mdst bﬁrmeuadeb@desscﬂ PBK—Y @ﬁlsnhat@xg@ssadﬁﬂé—hhw did Ia,Qirrpl et e
di gestion of the tissue occurred. Each collected su ern ant %Xactl 0

i nedi at eV§t @Press dasuling @Kbﬁm@q&%?ﬁ WRF Glee rserve 186‘1“ TPOGHBEAS Px SHRES)-

(Wi t hout WhereRIMi&Rlopmenk Ut €S.
The super‘r@% %ﬁg %qrem)v% ﬁgﬂsceléllhﬂ}e OI?thsléspe%ded |‘n 0CP(E)’Illd 1X HBSS

(wi t hout ﬁﬁéa(gbyﬂplﬁadlﬂmgm&mm and kept on |ce The digested tissue
fractions were | ater pool ed 30 toget her and washed in HBSS (w t hout cal cium

and mgnew_ﬂw%ue -80 . 20 January 2005 WD 021t 2152

PCT! US0L) 21897 1543 BERRL 0Pt LSO BYSIEt or ool e FlcUly §3hicRuas T 0P

of a prepared fconsi ste an upper

| ayer CO”E«%‘O&WHM%@%MQC&E& sl réplicavay ratkayed pebapsaeadi deptdS¥aqrersondre.  The
gradient was centrifuged at 1970 rpm for 10 m nut e% e duct fiaction,
col | ect edaddedtthdl mlmrcat;edqsm AHECIERYS Bcfhe syE Pravfgwsgﬁapqsmvw%s

percol| la ree t @F& wn.and
rragne%‘#u gﬁ%%ﬁa ‘5 k\; L?Stfg‘%%?é ”er%%(e %85%&{1%%1%%@3% ec C01?| ected
ducts. Thgee %eﬂt%’ér@%@ﬁe@%a&bﬁﬁé&e%l@ﬁ' toRE, BHHYTGRA! PHEEeaHGH at
1500 rpm an esuspended into 1X HBSS (cont ai ning cal ci um anc;ggg?nea um

The sus pSTFS}IF@n ﬁaaalo}menglueaglom gasigﬂd GIP, PN NBH‘; gﬂmé’Pc@Mﬁ ot Toas

re ended into an_enzyme cocl ctail cgptainin

o7t Ty s PelrsR s i eD R AT e AT AR DOB R5ThT HEEE £ et x
HBSS (Con%xgﬁfjichgt rpﬁﬁ!)&ét @m%%?gﬁs%&é?mﬁﬂﬂ #&&%@eﬁ? 1t sRofwf). ERfweRefll NUt €S

fol 'owed es of incu on room-t enper at u The "di gesti on was

t er m pat ed chyktad ftHOB, @dxablethaveie, aholefa bRk RENEGH, mih%ssmﬁc(eam thieni ng
cal ci um and magnesi un). The cells were then cenfrifuged.for 5 g1 niaj&ﬁﬁ at
1500 r'pm awabemel inspiin-sxpressing é@llfs%ﬂt?etaomiamo GXPIREE USR5S Chrtafffng

cal ci.um and mg@?gﬁ%{m&ﬁﬁ? £81d 1 1%\/\%2 1?9%5& SehcE o ca"i‘ftl 1500

rpm and t RETcRi T e- suspen e containing calcitun and

magnesi umpnifanbed ﬁféedﬁaéﬁamd & @bﬁaﬂat(e&%f dnraghesand cﬂlsa(Msa)tovBr?t}ﬁ coorsel0
m nut es. The dissociated single duct 20 cells were centrl fu&ed at A&SOO rpm
d’éfg dgure 4

and the cef#8 ;h@lltse(ﬁ@@'e A)s Page dvars observas evereia; orrahenlpiresy #8sage

d cyl f
w00, ) b i s TSRS B Sl g e, T
culture W&Wh@%\%@efﬁdﬁw&l ée‘éx{wﬁﬂmeguqna&e&@hws%s{mcnmmhdaeﬁma%) 10 .

nglmM bFG-, 20 ng/m. EG-, 40 ngl m  HG, g/mM TG--a, 30 ng/m 1G--1_ and
|GF-11, 2%s®aros teffpbtercmmﬁle(lm)mﬂaﬁRLHGE hwbmpas’wmtmmn@ﬂaﬁeéh@ gewthod U/ nd

P e ek S T FoeB B R R TS o
o um evel %ﬁour s A BBt R e 1o0ar | o o BB g
cel | agor 8IGH &8 TEFP1 had Onleslight off2B0m MMueRpHibdEDe BINAISHbEAGIHRO 7
NACs appear spontaneously in confluent monolayer cultures. Both the number
and rate of appearance of NACs are significantly increased (often > 8-fold) by the
addition of the DCE cocktail (Figure 4B). These cells are characteristically phase-

bright, possess a secretory appearance with high granularity, and generally range in size

M~
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wer e successively passaged by trihuating the cell pellet an@0Oxersarg@eddi ng
the cells into fresh cul hue nmedium or by conpletely dissociating the cells
wi th Col |l agenase |I. Human pancreatic ducts were isol ated i e
(Roche) Yht#13d73 fi ed through a percoll gradient. The ductl)ghl(/\l;e??g?{sﬂin

di ssociated into single cells and were plated for sphere culture, in

non- adhesive, T-75 Nunc flasks in the DVEM FI 2 basal medi um containing 15%
Knockout Serum Repl acenent (KO- SR), and 6 growm h factors, nanmely EG-, bFGF,
HGF, TGFgyonl 8550 @Md(Fi&he 14 insdhe TomhpleGs grosvofiar grreaveetargs reniredere 72) .
Duct spheres were grown in serumfree growh nmedi um as delscri bgﬁacgg&ve, and

10 the célebly fimmtimgmishaguticewéite Boaakizero yany thiys arorpisnalogsaly i chnent
of CK-7, a,duct epithelial nmarker rtine. t ition.
o o g Sk Sho B g L b TR A it e S

I'trve at passage 1. In

contrast hoﬁx@ﬁfo@t-ﬂ@]?ad‘tﬁ%xgﬁu? 2L inveingalat 48 hblust Repetied dosing wf ICEFi gur e
73). Duct spheres were seeded 1h 96-well plate coated w fl| HTB-9 trix in

15 di § f eftothatilomengaicutsedo sucsrssivegwsors BN AG doration b8k B FUSHISS ¥6Bng/ xnl
PYY in Iscove's Mdjfied D.jl becco's Mediumw th 25 nlM gl ucose for four
days. Théewanusnkegs @of Fh?éﬂl with | % PFA and co-stained for anti-insulin and

anti - pdx- 1 antidpdhe srevidilyf et SRovin QyromRa tiyopiteant fonéituwwdfimivmpr essi ng
cells also express pux-1; there are a few insulin expressing cel t hat do
not expr easifipdhpahcreRind lepithedisk coltwres yibenst o s dPFh B holitt ?%@Pt(g 1% have

been wel | docunented as a marker, for. (3 cel [ -1 8l . (Eigh 74) .
More i ns@h W@?ﬁggpﬁgw@&lr?@@f}pe%%a&séﬁ? g{fﬁ%lﬁ) tI%.IéI’% 1% (ﬁ):lrd ﬁ%clt’ gg{/lgﬂ ﬁn

di 1 qp e“gﬁ@%}%r@ﬂgﬂ&%&%mﬁxmm uliuirb eysieTeo Hidhéethentiffattonionardi t i on
described above. Fidure 75 shows bigger clusters of insulin positive cells
conpar ed beiat dndt deheeisth @l dypes. Fubsequerdtestipincour@lres showed that HEMi ¢ ve

[1s i h 1. | 1.s. CcO= d A L.n.
Ther o ar deammgbacse nae ECP e i sisegicant pEeth 13 RAG brBRegRIaROaahabn . |
| mpor tant, 'cgggtﬁ%s,gﬁ.{)t( Etl}étﬁ%emﬁ rififof B actVifSRasSRERiAed Mithihexv@sdevtingel | s

appeared Tn expressi'ng clusters, but the two nmarkers are not

expr essegfiettstdfehs aideraabkia, Is tpganaiyngAMaagonistssalsa bast s effect slate peight
derive fromthe same progenitor cells. (Figu 76 30 Vi in.d mar ker
for flsbr shPws: 40 bridgsaribe ) ﬁlﬁstpf?ﬁgaf%q%ﬁ? ¢ asyls anﬁ%‘l %’fﬁﬁra"?y 2005
WO Nnznz; §Z PeTi USAVZass egHENELLold SraduBrity of ks tellsSwitdAahé NeACar e
excl uded% reg%laﬁ%n@\étﬁecg]%;ﬁgﬂ;n%zkp@z&%i ngm?el'l g}n There were about ~50%

G ut ?- ¢l WhekEoh vasieQ tmikbdly, Bitveraltdye Staining bistwedhgreatepvdhan 3Hioyot-thgy
insulin expressing cells in the population, the | arge nunmber of glut-2

expr essi MgACers be ¥igbled be an indication for progenitor cells. -S3 20

January 2005 \%)tgrln%s/ AP tnbSfumber of ducts that were responsive to DCE, over 95% of the
20 DCE-treated wells (n>10 experiments, single duct per well) gave rise to at least a 2-fold
increase in NACs over control wells. Each treated well in a normal culture (8-16 ducts

per well) yielded 3,000-18,000 NACs after 48 hours in DCE (n = 9 experiments) with an
average yield of about 7000 per well or approximately 1 x 10° NAC cells per prep.
BrdU incorporation experiments demonstrated that one of the effects of DCE is to

25 stimulate cell division, Pulsing at the end of the 48 hours showed 4-fold more BrdU-
positive cells in the DCE-treated monolayers than in controls, indicatip_g a long-lasting
stimulation of proliferation (not shown). When pulsed at the beginning of DCE
addition, 10% of the NACs recovered at 48 hours were BrdU-positive, indicating that

these cells may derive from a DCE-responsive, cycling cell. DCE does not appear

30  simply to stimulate the loss of cell adhesion.
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PCT/ US11112J8) 7 Table 1: Imunostaining in Duct Cul tures MaRR&danusyRedsi on
in isolated ducts and Insulin in duct cultures. The average cell nunber per
duct fragnment was 3450 t 1860 (n=10), conprising a single |ayer of
epi t hel | O ¥%124&2 surrounded by nesenchynal | stronal cells.fﬁaiy$?95“7

| rmunost ai ning on 5 whol e isolated ducts (n=60-90) was as follows: Insulin
7/ 90 ducts, 32 positive cells; PDX-1 4/75 ducts, |5 positive cells; PYY
5/60 ducts, 31 cells; Anylase 10/69 ducts, 49 cells. n=2 isolations for

PDX- 1, PY¥or@Bhe ?ﬁésmniﬁgtgt ions for insulin. NAC yield generally ranged
from 80,0 0 : celTslprep;, maxi mum seen was 160, 000 althou?h. ‘

t heoretical nainalysiseftbeimonolayeralssmneiwated Biat appeordinaiely €.08%; eithe eell2i8 be 10
300, 000 cglls/prep (10,000 NACs/cmi -) . rK i on.in. Pancr |.C

Duct s at FRS i eGetss bl PG (PR AT Do PRt o PEBGSEs T

7. 895. 3983l A ARAZ L b %6 1 66 Q15706 V%01 Spb RN 08i1s3pdH NG

for |nsul P%ﬁ?é%r %n?éfﬁ%ﬁ’tgx\r%e%é%t% QC%I S P? ep#ot al )?_ns Iéolsji tive Cells/Prep%
| nsul i n- Redi thwelli@n forimbsi dithe sROOKSEY NACs B4dre anabed foruexnpyesz005i\W0

| 12/ 12452, PCT/ US111/ 24837 Contr

I o .. .
Nbnol ayer sBbpRag .%zqfﬁﬁ@rmm&r%mnofﬁlgﬁw%@'kfmé&a&a & demedia By 12 5x
=) (+ / 00X}y ts2
PCT! USOL1 1o A a7 Pl a8 Hout Bo D I ROl A e o Bt
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15 insulin-expressing cells was confirmed by FACS analysis (data to be described
elsewhere).  Cells expressing PDX-1, glucagon, somatostatin, and pancreatic
polypeptide were also present in the population (D, E, F and G respectively), with
glucagon-positive cells being the next most frequent (6%), followed by somatostatin
(3%) and pancreatic polypeptide cells the rarest (2%). The NAC population thus
constitutes an enrichment from a cultured monolayer of the full set of islet endocrine
cell types. |
Transcriptional profiling

As a further determination of the number of insulin-expressing cells within the
NAC population, we also performed semi-quantitative single-cell PCR (Brady et al.
1993, Dulac & Axel, 1995) to detect insulin mRNA in randomly selected individual
NACs. Figure 6 shows that 15 of 40 or >35% of the cells analyzed contained insulin
mRNA. Panel A demonstrates that cDNA was amplified from each single cell sample.
Panel B shows that the insulin message varied in intensity among the positive cells.
This variation in signal intensity, similar to that observed by immunocytochemistry, was

also observed and verified by array hybridization analysis (data not shown). Two of the
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immunocytochemistry results that many of the NACs express PDX-1, that
approximately 40% of the cells are both insulin mRNA and protein pesitive, albeit at
varying levels, and that the majority of NACs appear to have a beta cell phenotype. In
‘15 addition, there is a significant fraction of cells that are PDX-1 positive but insulin-
negative, which might indicate progenitor cell status. SC-PCR of monolayer cells
showed 23/23 actin-positive, 0/23 insulin positive cells (not shown), demonstrating the
relative enrichment of endocrine phenotypes in the NAC population.

Insulin content and glucose-stimulated insulin secretion

20 " A hallmark of functional beta cells is their ability to secrete insulin in response
to elevated glucose levels. In order to determine whether there are functional beta cells
within the duct cultures, we performed static insulin release assé.ys on both the
monolayer and the NAC populations to determine their responses to glucose challenge.
We also measured total insulin content by RIA in order to determine the relative
25  increase in insulin expression due to culture. Figure 7 shows the glucose-induced
insulin release in isolated time zero ducts, DCE-cultured monolayer, and harvested
NACs. The NAC population demonstrated a 3-fold increase in secreted insulin in
response to elevated glucose. In contrast, the cells contained in the monolayer exhibited
little glucose response and secreted far less insulin in either high or low glucose

30  conditions. Analysis of the time zero ducts (n=3) showed 1o glucose-stimulated insulin
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120: 24&- 2%2%ang- & McDaniel, 1990). To assess the presence and number of ﬁmctlonal beta cells

within the culture, we measured cytosolic calcium influx in response to glucose using

the calcium-dependent fluorescent dye Fluo-3. The results of a representative

experiment (n > 10) using NACs is shown in Figure 8. In this example 33% of the

sampled cells showed strong amplitude and kinetics of calcium cuﬁent induction in

25 response to elevated glucose. Measurements of cells still attached to the nionolayer
failed to detect glucose-induced changes in intracellular calcium.

The amplitude and kinetics of the glucose-induced calcium current that we

observe in our duct culture-derived beta cells are similar with those documented to

oceur in islet-derived beta cells (Asada et al, 1998; Schuit, 1996). Cell-to-cell variations

30  inthe amplitude and kinetics of glucose induced calcium currents have been interpreted

-60 -



20 January 2005 WD 112/12e2 PCT/USII1t/238 )7 Gthens, S. et2elJaniRirpebedi cal
and bi stochem cal characterization of cultured rat and hanster pancreatic
ducts. Pancreas 2, 427-438, 1987. Gthens, S., Schexnayder, J.A., Desai,
li. R P&Dhe/s12632L. Rat pancreatic interlobul ar duct epithetT/usni/isol ati on
and culture in collagen gel. In Vitro Cell Dev. Biol. 25, 679-688, s 1989.
ol oslow, N. & G obstein, C Epithelionmesenchymal interactions in

pancreati c norphogenesis. Dev. Biol. 4, 242-255, 1962. Wssels, N K &

Cohen, J.H Earl creas rph nesi s; r phoggnesi tissue .. . .

i er act | SnE AR i S GTHBETY, ThE EpPhysRloB) 35Ssl Betaeslls Bhidkdeinyi st
A., Ahl grigflatibh havetbddAGhotin tSANCalReADRNAth SHcffioh TaPaEd giuhés%%eﬁﬁﬁﬂger m
differentiation in the intestine and pancreas. Curr. Biol. 1997;7:801-804.

G t hens, i8cogpwisirai, intherislers@ladhanen ahAB82; Basar et If 138Mmandrindividoaldatsd c
ducts. J. Ti Cult. Methods 1983:8:.97-102. Sjaholm A. diabet L1t
and | pai U RA PR A BRI PER ! Ty Ribess pMoe A 00,
239: 211-9204s Mgt @?),lalﬂl%f’w@&?&%%%bwéa in FHRLSBRRT Arhelihplith &El\;éﬁ@n @e :

Billestrup, "N. Beta ce proliferation and growh factors. J.
1999; 77:cab2uib@urréite mightsdsq beélexpddinal by diffphossyih &lgr-dviyt idadinizor / scat t er

factor has insulinotropic acfivity in h n fetal pancreatjc cells.

Di abet s 1994: 1 GiAcEistic S3lowh sl PEONIE pvas|not ngecesh % 1P RIAINRRG & t he
relative V e I Ch ¢ l.Ea&:700 Vi t.1.Q.

Doval oprisERaRIERY SloddCatlGF (NI AN A9900100% PRISLEOTOR A

expr essi awoniphetelydninpitek bylidiskexidata kigh offinity enldbndryoflilie UBLEMked pptasdiingiat i on

of cDNA from single cells. rent, Bi ol ogy 5: 909922, 1995. 25 Dulac, C, &
Axel ,19R <oAERed | (M amas §t af lﬁgﬁiéhaé At BaseRtTp 0l £ M mdpeRdo meuline 8e5ROns i n

mamal . (ERbbuifd ol 99520fupd 808 1989 na astetso oA LS O [aoltheim &

Secr et agogué*1 nducéd” oSci'l I'afi oh cytoplasmc im Si

a-cel | s @iagg no8lt;f Wanp panMcBahiel, 1990Rt whidk sehustes egnarlabt icviws (6& |
sorting. Biochem Biophys. Res. Conm 166: 813-8,18, 30 1990. -91 20
January 2beSmn0iticopid bowevendragtivated by g9lputemids, anygh-affraity acgvatpegbtheund,

K.A Flu | =3l CJ 0 I | .a hl ori ne
' si ngl & i pERE it el NUESR IOl oS08t BENIERE HRGEREREATS S
Qi n.15hi ygstiabefi8s ($dtd-224., 1995 Melafded dp098N. , TR rdvedsibility, of waa@dulattd, N Wa,
li., Kanno, T. ldentification of a- and 5 cells inintact isolated islets

of | angeralkhsn ymenids dempasteiedin Bewe 8Byt oiheseraxpetiments do meH0Yaes the

dynami cs I.AN ochem.cal. Lnin i ghe 1998, 37: 751-.757.
senai 1 IS caROHEBE BPRAG RhR5HK AR Lo BRENERY BB gt st
responsi wese@sogde RANGLARe. C FERLAve Pelcsnt 5D cEBS did AGiAforOtol @fkerHal ban,
P.A. et al. The possible inportance of contact between pancreatic islet 10

cel | s fomstimhiuse gndribe remaining |35k oé|thasells Eerpondddn eithayytol giBgose 1Hut 36394,
Bosc D. Cla. L. P no ous byt npot heterol ogous,contact
nor €8s oLolpiamfs or o, M0 Rpmide SR BB RIS, i n BFEIeRRORO By FORERR, o
p
Res. 198%oputation. We conclude that, despite having heterogeneous insulin expression levels,
10-40% of the NACs could respond to glucose and thus behave like functional beta
cells. '
DISCUSSION _
25 We describe here an in vitro culture system that allows the study of functional

beta cell formation from a purified pancreatic duct population. Culture of such ducts
resulted both in an increase in insulin-positive cells over time and an increase in the
total number of duct fragments that became insulin-positive. This latter result indicates
that cells capable of expressing insulin may become activated during culture. .In

30  addition to these results, we describe the appearance of an interesting population of non-
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25  important mitogen and regulator of gastric and pancreatic epithelium (Meittinen 1997),
and in fact has been shown to stimulate epithelial-like outgrowths in cultured pancreatic
ducts (Heimann & Githens 1991). Agents such as cholera toxin which raise intracellular
cAMP levels have been shown to stimulate epithelial cell properties (Rindler et al.
1979), and cholera toxin in combination with EGF has been shown to induce cyst

30 formation in pancreatic duct and islet cultures (Heimann & Githens, 1991; Yuan et al.
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’ population of cells with an endocriille phenotype. It is likely that our culture system is

20 missing the trophic influences necessary for stimulating cell-cell contact, full hormone
expression and complete beta cell maturation. A number of factors have been shown to
increase fetal beta cell insulin expression and enhance insulin secretion (Oton.koski et
al., 1993, 1994; Huotari et al., 1998; Sorenson & Brelje, 1997) and these are currently
being tested in our system.

25 The system we describe herein allows for the first time the in vitro study of
regenerative and neogenic events that until now have only been described in vivo. We
show that the system can be manipulated to give a range of cell identities, that a
significant increase in insulin-positive cells can be obtained and that within this
population of cells, beta c'ell-like function can be detected. Our studies indicate that

30 much of the regenerative and stem cell activities ascribed to the pancreatic duct system
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The  mbt nodispasty " oAECHF whishRybe NG T bk IuEY (OUP IHETHE

progeni t ofnthgpdted & @ddeadiffefenkbtion. and Lin-. 21. The nmethod of any one of
clains 16 to 20, wherein the aninmas tissue is |liver. 97

/' N) <g/ N<g/ N</ N¥he NovigiaNIC R/ iy Denayastapsenay/ 100 neel Ghglax igninn Np/siNYJ/ N<
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31 No<) NeE TR OOk 25 R0 R SS PRABLLP PSS S5 Ra RIRER AP<a) no
I'N < ANO miobBtak &y FigWife 9 shows the comparison of monolayers treated with DCE + 5% FCS

versus 5%FCS alone. Ducts were cultured for five days and then treated for an

o]
~

additional 48 hours. Note that there is an approximate 5-fold increase in the total

number of insulin positive cells in the culture in response to DCE treatmient. The total

number of cells in the culture also increases by approximately 20%. The bars represent
20  the average of quadruplicate wells,

-Dexamethasone, Cholera toxin, Forskolin, Dibutyrl cAMP and Na-Butyrate have
all been tested and found to induce differentiation. Figure 10 shows that Forskolin,
Dibutyrl cAMP and Na-Butyrate can substitute for DCE in inducing the appearance of
floating progenitor cells. Briefly, monolayers of ductal Ifragments induced after 5 days

25 culture with the cAMP agonists forskolin and dibutyryl cAMP as well as the fetal islet
differentiating agent sodium butyrate. Both low and high concentrations of each factor
were applied to the duct monolayer. After 48 hours, the resultant NACS were collected
and counted. Treatmeﬁts are shown on the x-axis and number of floating progenitor

cells is shown on the y-axis. Each bar is the added total of duplicate wells,
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We have also observed that secretin can induce differentiation of the monolayer
and the appearance of pancreatic progenitor cells. In Figure 11, after 5 days of culture,
secretin was added to the monolayers in a dose range of 1-100 nM. The number of
floating, non-adherent progenitor cells was determined after 48 hours of treatment.
Each bar represents the total of two combined 1.9 cm? wélls. ‘

The duct cultures used in Figure 12 were cultured as described above. After 48
hours in varying secretin doses, both the number of insulin expressing cells on the
monolayer and the total number of floating progenitor cells were counted and scored.
Scoring of insulin was done by immunocytochemistry. Note that there is a dose
dependent increase in the number 6f ﬂoaﬁng progenitor cells. The number of insulin
positive cells in the monolayer also increases with secretin doée and the apparent
decrease in insulin positive cells at the 50nm dose is anomalous. Each point represents
the average of duplicate wells. The left hand y-axis denotes the total number of
obtained floating progenitor cells, and the right hand y-axis denotes the number of
insulin positive cells per well. Secretin dose is shown on the x-axis. |

Figure 13 demonstrates that Vasoactive Intestinal Peptide (VIP) also
differentiates duct monolayers by inducing the appearance of floating progenitor cells.
After five days in culture, VIP was added to the cultures and the number of induced
floating progenitor cells was determined after 48 hours of treatment. C=control and is
5%FCS. The optimal dosage in this experiment was 50ng/ml of VIP, which induced a
>3-fold increase in the number of floating progenitor cells versus control. The y-axis
denotes the number of such cells (x 100). Each bar is the total of two pooled wells.

We also observed that the presence of insulin diminishes secretin-induced
differentiation. See Figure 14. Floating progenitor cells were induced with secretin
(100nM). Simultaneous addition of insulin (10ng/ml) with secretin diminished the
overall induction of floating progenitor cells. Each bar represents the total of two
pooled duplicate wells and the number is expressed on the y-axis as number cells (x

100).
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Protocol for FACS: PNA-FITC was diluted 1:250 in sterile wash buffer (Ca
MgH-frec PBS containing 1% FBS). Dispersed live cells (approx. 2x1 08 cells) were
spun down and resuspended in 100 pl of lectin and incubated for 30-45 min at 4°C.

Cells were then washed twice with sterile wash buffer, resuspended in 2ml! of Iscove’s
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10%GHGHE' ((vi) FNNMINAINSEREDIE]ls have favorable Growth Characteristics. Cells are viable but
non-adherent after sorting. Dispersed duct cells take a minimum of 7 days to
adhere to substrate and begin to grow. In contrast, whole single ducts sit and
begin to spread after 24 hr. Cell viability is dependent on plating density in the
25 absence of culture additives. An unsorted population 6f cells (PreSort)
proliferates readily; PNA-positive sorts are slowest. The implication is that
other cell types besides the PNA-positive cells are required for maintaining
healthy outgrowth, as well as certain cell characteristics (below). PNA-positive
cells in culture do not remain PNA-positive (cells restained with PNA-FITC).
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A small number of cells in the PNA-negative cell cultures are positive for Insulin
and PDX-1. This suggests either that a small number of PDX+ cells (that were PNA-
negative) were recovered, or that the presence of the other cell types has activated PDX-

15 I-expréssion, perhaps from a small carryover of PNA-positive progenitor cells.

PDX-1 expression is much higher (more numerous and relatively brighter) than

- Insulin expression in these cultured duct preps. Since PDX-1 protein is a regulator of

Insulin expression, this finding also suggests a progression, from PDX-1 positive to
Insulin-positive.

20 Glucagon-positive cells outnumber PYY-positive cells, although both are rare in
all sort fractions. Previous work has indicated that PYY-positive cells precede
appearance of Glucagon cells; thus these results would suggest progenitor cells have
already progressed beyond this point.

Based on these findings, we conclude that the ability of PNA to selectively

25  detect pancreatic duct epithelial cells may permit the recovery of a population of cells
containing an islet progenitor cell type. These cells in themselves appear to be
insufficient to survive and differentiate; that is, other cells or factors may potentiate
proliferation and differentiation. Nonetheless, PNA-selection represents a large step
forward in being able to perform recombination experiments to identify the components

30 necessary to grow pancreatic islets.
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LM 1008+ eendt 1l arp prttiet bfeosingts ool PCR Seveloped by Brail et al. (1999) Mutat
Res 406: 45-54, and labelled Wlth 32P. The cDNAs are then selected for existence of
particular messages, e.g., insulin and PDX1.

cDNAs of known pancreatic markers are generated by PCR and arrayed on nylon
20  membranes. The resulting assays are used to hybridize with the labelled single cell
cDNAs. The autoradiograph images of the array can be used to define and identify the
gene expression profile for an individual cell.
Figures 20-29 further illustrate the protocol. Figure 20 shows the results of
typical single cell nRNA PCR amplification reactions. Flgure 21 illustrates the changes
25 in the gene expression during pancreatic development, as determined by the subject
method. Figure 22 illustrates one embodiment of an array of markers for detecting beta
cells and precursors thereof. _
Figure 23 shows typical autoradiographs profiling gene expression in adult and
embryonic pancreatic tissue, and heart. Figure 24 demonstrates how quantitative

30  analysis of gene expression can be carried out as part of a determination of the gene
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Figure 29 shows the relative levels of expression of certain genes between adult

islets and during pancreas development.
Example 5: Implanted cells from a pancreafic duct-derived culture transiently
rescue the diabetic state.

15 © SCID/icr] mice were obtained from Taconic. Average weight per mouse was
QSg. Streptozotocin (STZ) was purchased from Sigma and made into a2 30 mg/ml
solution in 20 mM sodium citrate buffer, pH 4.5. Each animal received STZ at a dose of
200 mg/kg and fed ad libitum prior to fasting blood glucose (food removed the previous
evening) on the morning of the 3 day post injection. Diabetic animals were those

20  found to have blood glucose in excess of 200 mg/dl with the average centering around
300 mg/dl. Insulin pellets (Innovative Research of America) that released 1.2 U of
porcine insulin per day for 7 days were then implanted via trochar subcutaneously over
the scapula. After monitoring for recovery from the diabetic state (blood glucose = 100
mg/dl), either cells derived from pancreatic duct culture, or isolated adult pancreatic

25  islets were then implanted under the renal capsule using standard surgical procedures.
Either 500,000 or 10° cells (non-adherent cell (NAC) fraction of duct culture) were
implanted into mice. All operated mice survived in placebo, islet, and insulin pellet

“only groups. 6/7 cell implanted mice died 48-72 hours post implantation. For all groups

fasting blood glucose was measured at standard intervals by tail bleed.
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blood glucose was measured and again at days 16, 21, and 28. Black squares represent

placebo group (n = 5 mice) and as expected, in the absence of insulin, the blood glucose
slowly climbed over time to well over 300 mg/dl. Ammals (n = 5) implanted with
insulin pellets only and no cell implants also performed as expected, with a transient
15 rescue followed by diabetic rebound after the insulin release tablet had expired (red
diamonds). Animals receiving islets (blue triangles, n = 5, 400 islets per animal)
showed perfect long term rescue with fasting blood glucose being maintained at
approximately 100 mg/dl. The single surviving animal receiving duct-derived cells
(green circles, n = 1 of 7) showed a transient rescue of the diabetic state. The single
20 animal demonstrated a 4-5 day lowering of > 150 mg/dl blood glucose before
rebounding to pre-implant blood glucose levels.
Example 6: Pancreatic Duct Sphere Culture
Methods: |
Isolation of pancreatic ducts
25 P14 rat pancreas were collected and digested with Collagenase type A (1U/ml) in
a 37 degree C water bath with vigorous shaking for 40 minutes. .The digested tissues
were washed with HBSS, filtered through a 500 micron mesh (Co-Star Netwell), and
taken into HBSS. The tissue suspensions wete then layered on top of 35% Percoll over
45% Percoll gradient (at a 1:1:1 volume ratio) and centrifuged at 1970 rpm for 10

30  minutes. The ducts were collected at the interface between the top layer and the percoll
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5  duct pellets were taken into dissociation enzyme cocktail containing 1.33 mg/ml trypsin,
0.7 mg.ml hyaluronidase, 0.2 mg/ml kynerenic acid, and 200 U/ml DNAse in HBSS
with Ca**/Mg®" and were incubated at 37 degrees C for 4 minutes followed by 3 minutes
incubation at room temperature. The digestions were stopped by the addition of %
volume of 4% BSA in HBSS. The dissociated duct cells were passed through a 70
10 micron. nylon mesh and centrifuged at 1450 rpm for 5 minutes. The cell pellets were
washed again with 4% BSA in HBSS with Ca*"/Mg®*. The dissociated single duct cells
were resuspended in the culture media and counted with Trypan blue for viable cells.
Duct sphere culture for expansion
- The dissociated duct cells were seeded at the density of 6 million cells/P100
15 Petri dish in the culture media éontaining 10 ng/ml bFGF, 20 ng/ml EGF, 10 ng/ml
HGF, 8 ng/ml TGFa, 30 ng/ml IGF-1 and IGF-1I, 2% B27 supplements (Gibco/BRL), 8
mM HEMES, 2 mM glutamine, 100 U/ml penicillin and 100 pg/ml streptomyein in
DMEM-F12 medium. The growth féctors were added to the medium every 48 hours
after the initial plating of the cells. The sphere passages were made by obtaining the
20  spheres in suspension and dissociating the spheres with 0.016% trypsin at 37 degrees C
for3 minutes and the digestions were stopped by % volume of 4% BSA. The medium
above is the optimal medium for growth. Other media were tested with varying effects.
Test Media 1 is a KO-Basal medium with 15% KO-SR plus TGFa, HGF, IGF-I and
IGF-II. Test Media 2 is a Liver Basal medium with 15% KO-8R plus TGFa, HGF, IGF-
25 I and IGF-II. Test Media 3 is an N-2 based DMEM/F12 Basal medium with EGF, bFGF
and LIF. Cells could be grown rapidly but appeared less healthy in Test Medium 2.
Cells grew more slowly but appeared healthier in Test Medium 3. (see Figure 42).

Partial in vitro differentiation of the duct spheres
The spheres were gently collected from the culture medium into a 15 ml tube and
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plates containing HTB9 matrix in the differentiation medium containing 30 micromolar
forskolin, 100 ng/ml PYY, 5% FBS in Iscove’s Modified Dulbecco’s Medium with 25
mM glucose. The cells formed a monolayer on the matrix and under went

5  differentiation for 4 to 7 days, and were then stopped for differentiation by washing with
PBS and fixed with 1% PFA.
Results:

Duct cells cultured in medium containing growth factors such as EGF, bFGF and

LIF in non-tissue culture (non-adherent) plates formed spheres over a period of two days

10  afterinitial seeding. A few cells became attached to the bottom of the plate, but the
spheres were found in suspension, not adhered to the plate or to other cells adhered to
the plate (Figure 41). The spheres were propagated for 24 days by passaging every five
days on average. Only non-adhered cells were passaged. |

After plating of cells on HTB9 matrix, most cells migrated out of the spheres

15 and formed a monolayer within 24 hours of plating. The cells were fixed by 1% PFA
and costained with anti-Glut2 and anti-nestin antibodies. Glut2 expressing cells are in
clusters and they are excluded from nestin expressing cells, suggesting that nestin cells
are undifferentiated cells in the population. Nestin is typically a marker for relatively
undifferentiated cells., Glut2 is a marker for cells tending towards becoming pancreatic

20 P cells. There were about 26 Glut2 clusters in a 96 well plate. (Figure 43)."

Cells differentiated from the spheres also expressed Pdx-1 protein and glucagon
protein. There were many colonies of Pdx-1 expressing cells on the plates and
interspersed in these colonies were glucagon-expressing cells. The glucagon positive
cells were not Pdx-1 positive. Given that a colony of cells on the plate are likely to have

25  arisen from a common set of progenitor cells, it appears that a'single group of progenitor
cells is able to give rise to both glucagons expressing and Pdx-1 expressing cells. There
were about 24-26 Pdx-1 positive colonies per 96 well plate and each colony contained
15-20 cells on average. (Figure 44). |

Co-staining for Pdx-1 protein and insulin protein showed, as above, a large

30  number of Pdx-1 expressing colonies. Insulin expressing cells were tightly associated
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progenitor cells. (Figure 45).

5 Duct spheres in growth state (undifferentiated) were assayed for cell marker
expression. Spheres were dissociated and put onto cytospin slides. The cells were
stained with anti-nestin antibodies. 50% of cells express nestin protein -- a far greater
proportion of nestin-positive cells than after differentiation. This again suggests that
nestin-positive cells are undifferentiated. Cells from undifferentiated spheres were

10 further co-stained with either Pdx-1/insulin o Glut-2/nestin. Positive cells were
counted under a fluorescent microscope. Although there were Pdx-1 expressing cells,
the ratio of positive cell/total cell population was lower with spheres in growth state
(approx. 2%) than in cells from spheres after differentiation (approx. 5-8%). (Figures
46A, 46B, 47, and Table 3).

15 Example 7: Hematopoietic Cell Sphere (“Hemespheré”) Culture
A. Isolation of T.in- fetal liver cells ' '

Fetal livers from E13.0 mouse embryos were isolated and titurated to obtain a single cell
suspension. Cells were incubated with a cocktail of biotin conjugated antibodies
specific for the following hematopoietic lineage markers: Ter-119, Mac-1, Gr-1, B220,

20 CD4, CD8a, CD8b.2. After incubation with Streptavidin-MACS magnetic microbeads -
the labeled cells were passed through a MACS depletion column. The flow through
fraction contained the Lin- cell population. All cell fractions were FACS analyzed for
the presence of Sca-1, c-kit and Lin markers at the fime of isolation (see below).

B. Culture of Lin- E 13.0 fetal liver cells

25 4-8x 10° Lin- fetal livef cells were resuspended in 10 m! of hemesphere culture media
(DMEM/F12, 2 mM L-Glﬁtamine, 8 mM Hepes buffer, 100 U/ml
Penicillin/Streptomycin, 1:50 dilution of B-27, 20 ng/ml EGF, 10 ng/ml bFGF). Two
separate culture conditions were established; Hemesphere Culture #1 was supplemented
with 100 ng/ml mSCF, and Hemesphere Culture #2 was supplemented with 100 ng/ml

30 mSCF, 1000U/ml mLIF, 50 ng/ml mFIt3 Ligand. The cells were plated in their
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10 cells and dead cells. The cell clusters grew as loose aggregates in suspension (see Fig.

48 and 49). Although the clusters could become quite large, the cells within them
remained healthy.
Hemesphere Culture #2 (SCF, LIF, Flet3-Ligand added): The cell clusters contained
only healthy, viable cells. There were three populations of single cells evident in the
15 cultures; a few healthy, viable cells, many irregularly shaped cells and many dead cells
(Fig. 50). This culture showed much higher cell pro]jferatibn rate than Culture #1. Cell
clusters did not become large aggregates as in Culture #1.
FACS Analysis of Cultures _
The mouse hematopoietic cells with the cell surface antigen profile Sca-1+, ¢-kit+, Lin-
20  have been demonstrated previously to be highly enriched it long-term repopulating stem
cells, both from fetal liver and from bone marrow (Ref. 1, Review). |

Hemesp_l;_ere Culture #1

The population of Sca+, ¢-kit+, Lin- cells in the starting population of isolated E13.0

fetal liver before Lin depletion was 0.06% (in the stem cell enriched gate, R2) (Fig. 51,
25  lower right, gate G5). After Lin depletion it was increased to 0.39% (Fig. 52, lower

right, gate G5). Less than 1% Lin+ cells remained in the Lin- population (not shown).

After 14 days in culture 90% of the cells remained Lin-. Of those Lin- cells, 79% are

also Sca+ and c-kit+ (top left dot plot, Fig. 53). The cell population was very

homogeneous, and contained a few dead cells, as shown by the FSC and SSC plots (Fig.
30 53, right panel). After 20 days in culture the cell population remained homogeneous,
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T#10990X& ¢fithe Lia- popeiation dées(rot v:kpvess Sca-1 or c-kit. Also, the majonty of the cells in
the total population were dead, as judged by propidium iodide staining (not shown).

The dead cells are localized to the large diagonal population of cells located outside the
R1 gate on the FSC and SSC plot (Fig. 57, right panel). After 11 days in culture the
Sca+, ¢-kit+, Lin- population comprised 28.28% of all the viable cells in the culture

15 (Fig. 58, lower right, gate G5). Virtually all of the viéble cells were now expressing
Sca-1. There were still many dead cells in the culture, as shown by the FSC and SSC
plot.
Histological An:ilysis of Cells in Hemesphere Culture
Cells from each hemesphere culture were cytospun on to glass slides and stained with

20  May-Grunwald Giemsa (Fig. 59). Cells from Hemesphere Culture #1 (cultured for 20
days) are shown in the left panel. Cells from Hemesphere Culture #2 (cultured for 13
days) are shown in the right panel. Cell clusters from both cultures show cells that
contain mostly nucleus, with little cytoplasm. This is consistent with an immature cell
type. Many granules and vacuoles are also seen. The cells on the periphery of the

25  cluster (in Culture #1) appear more macrophage-like. The immature phenotype and
granular appearance of the cells are similar to that obtained from in vitro AGM culture
(Ref. 2), and from fetal liver cells grown on an AGM-derived endothelial cell line (Ref.
3.
Example 8: Rat Pancreatic Duct Sphere Culture and Differentiation

30  Part 1. The primary spheres, that are cultured from dissociated ducts, are very potent
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| SH#10% { & () - Phintdtd GpiRéréy diffarehfiled Tdv 4 days gave rise to large amounts of cells that
express both insulin and pdx-1 proteins. The percentage of insulin expressing cells in
the total cell population is much higher than that of previous sphere culture methods,
which started from non-dissociated ducts. (Fig.60). _

Longer differentiation time points show better in vitro differentiation reéults.
When the undifferentiated sphere went into differentiation conditions for 8 dﬁys, the
level of insulin expression greatly increased compared with that of spheres differentiated
for only 4 days, as detected by immunohistochemistry. Figure 61 shows that more than
50% of cells express both insulin and pdx-1. (Fig.61). S

In addition to insulin expressing cells, there are also many glut-2 expressing
cells. Glut-2 is a glucose transporter expressed in méturc islet B cells that inay alsobea
marker for f cell precursorsu-. Interestingly, not all the insulin expres'sing cells co-express ,
glut-2 protein. It may suggest a possibility that these glut-2 negative, insulin positive
cells are newly derived P cells from their progenitor cells, and that they are not fuﬂy
matured B cells. (Fig.62).

A semi-quantitative plot showing expression of three markers, insulin, pdx-1 and
glut-2, with their relative level in three different stages: freshly isolated duct cells at
T=0, spheres in growth prior to differentiation, and spheres after 8 days differentiation.

There are less than 3% insulin expressing cells at T=0, ~6% insulin expressing cells
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\rNct - 10j When LIF was included in the growth culture medium (as opposed to the
differentiation medium) in addition to the other six growth factors, there were many
fewer insulin expressing cells upon differentiation; however, the relative amount of

15" Somatostatin expressing cells was gréatly increased. Most Somatostatin expressing cells
do not express pdx-1 (typical of & cells), but a few Somatostaﬁn exi)ressing cells co-
express pdx- 1 , suggesting they might be the precursor cells for mature Somatostatin -
cells and PP cells (¢ cells), according to some endocrine lineage models. (Fig. 66).
Part 3. Ductal derived, insulin positive cells are glucose responsive.

20 Glucose stimulated insulin release in the spheres described in Fig 64 and 66.
(Fig. 67). This demonstrates that the differentiated insulin positivé cells are capable of
canying out the gluéose regulatory activities of endogenous pancfeatic B cells. |
Part 4. Duct cells in sphere culture condition mainta{n multi- potentiality for.both
endocrine and exocrine lineage, after 45 days in culture.

25 Even after 45 days iﬁ cﬁlture, insulin and pdx-1 are co-expréssed in many cells,
suggesting that most celis remain undifferentiated. (Fig. 68).

Fig. 69 shows glucagon éxpression in cells; most glﬁcagon cells do not express
pdx-1, however, there are a fe.w. cells which co-e:ipres_s gluéagon and pdx-1, suggesting

the possibility of the early prectirsor cells for mature B cells and o cells. Interestingly,
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This strongly suggests that these endocrine and exocrine cells are derived from the same
progenitor cells. Therefore, these cells have a broad developmental capability, ranging
from exocrine to endocrine cells and including a numbser of different endocrine ceil
types. _

Example 9: Human Pancreatic Duct Sphere Culture

Methods:

1. Isolation of human pané:rcatic ducts.

Human ﬁancreatic tissue (Donor Age: 5 - 60 years) was obtained from Nat_ional Diabetes
Research Institute (NDRI). The pancreas was infuséd with UW medium, and shipped on
wet ice in RPMI medium. Tissue was received for dissociation within 20 hours of donor
removal. Upon arrival, the pancreas was 'placed in ice cold HBSS and dissected free of
excess fat, lymphatic tissue, the small intesfine and spleen. The pancreas was cut into
small pieces, (~0.5 cm®) and collected in ice-cold 13X HBSS (without calbium and
magnesium). The pancreatic tissue was then centrifuged at 15 00 rpm and the pellet
resuspended in ice-cold Liberase (Roche) at lmg/ml. The tissue was subsequently
placed in a 37 C water bath with vigorous shaking. The supernatant from the pancreatic
tissue digest was collected every 10 minutes and ﬁ_:ésh Liberase added to the rem_aining
tissue until complete digestion of the tissue occurred. Each collected supernatant
fraction was imrﬁediately diluted into an equal volume of ice-cold 10% BSA/1X HBSS
(without calcium and mag’nesium) and centrifuged at 1500 rpm for 5 minutes. The |
supernatant was removed ahd the cell pellet resuspended in cold IX HBSS (without
calcium and magnesium) and kept on ice. The digested tissue fractions were later pooled

together and washed in HBSS (without calcium and magnesium) three times. Ti.2 tissue
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to remove any residual percoll. ' :
2. Dissociation of the collected ducts. -
The final isolated duct tissue was collected by centrifugation at 1500 rpm and
resuspended into 1X HBSS (containing calcium and magnesium). The suspension was
10 then centrifuged at 1500 rpm. The cell pellet was resuspended into an enzyme cocktail -
containing 1.33 mg/m! Trypsin, 0.7 mg/m! Hyaluronidase, 0.2 mg/ml Kynerenic Acid,
and 200 U/ml DNase in 1X HBSS (containing calcium and magnesium) and incubated
at 37 C for 6 minutes followed by 4 minutes of incubation at room temperature. The
digestion was terminated by addition of 1/4 volume of 10% BSA in 1X HBSS
15 (comtaining calcium and magnesium). The cells were then centrifuged for 5 minutes at
1500 rpm and the cell pellet resuspended in 10% BSA/IX HBSS (containing calcium
and magnesium). The cell suspension was again centrifuged at 1500 rpm and the cell
pellet re-suspended in 1X HBSS (containing calcium and magnesium) supplemented
with DNase (200 U/m}) and placed at 37 C for 10 minutes. The dissociated single duct
20 cells were centrifuged at 1500 rpm and the cell pellet re-suspended in culture medium
and plated.
3. Passage and cuiture of cells.
The dissociated huan duct cells were seeded in T-75 Nunc flasks or on non-tissue
culture treated petri dishes in DMEM/F12 culture medium containing 15% Knockout
25 Serum Replacement (Gibco/BRL), 10 ng/ml bFGF, 20 ng/ml EGF, 40 ng/ml HGF, 8§
ng/m! TGF-a, 30 ng/ml IGF-I and IGF-II, 2% B27 supplement (Gibco/BRL), 8 mM
HEPES, 2 mM Glutamine, 100 U/ml penicillin and 100 ug/ml streptomycin. The cell
flasks or non-tissue culture petri dishes were kept in a tissue culture incubator
containing 3% oxygen, 5% CO2 at 37C. Supplementél growth factors were added to the
30 medium every 48 hours after the initial plating of the cells. The resulting cell aggregates
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MLOYGE ( WO PDIWEDGE () - S! 109%G& () - Ovwr A?bCl 10j y&P" 10%G& ROWUSH1/24897

171 $10% ()-! @s$L0YGERGEE () - P' 10%G8& () - P" 10%G8& () - -

| s$1096G8& () - =#{k}*?bCl 10j Y7!109%G& ()- 5! 109%6G& () -

| GO$10%. () -c! 0$10%I el & () -c) P"10%6G& ()-0) ($10%G& ()- !"2=JbCl 10]

O G U s MG sl 0 0
10% & () - pred R Yaikire mdddid Q8by Sorhpletely ddéédatiting the cells with Collagenase 1.

10! U $10% \i\ & () -1 HBI 109\ & ()-1$!1109%& ()-]! " WolOo\ & () - Z! ##109%@\ 7\ & () - !
##1000\ 7\ & () - dlumepopanerratiodyets voyegisplpted: hyplgbsrase (Rocke) podapgrifipd tgougvg & () -

5510 B SN Qe R e B P O
<H#HLO%R' ( kphetd @ffete (thnoh SRR E - 19 NHAS Hakis (a) tH, BUBHGE1 £ bagad niedEmN ! F
1 109 10958 () - ' ZUA0%E () - @#10%K § ) - "H109G& () - LI #109G8 () - =9A0%G& () -
| 9/ dEn\/ ! Eontaining 15% Knockout Serum Replacement (KO-SR), and 6 growth factors, namely
EGEF, bFGF, HGF, TGF«, IGF-I and IGF-II. The spheres grow larger over time (Figure
72).
Duct spheres were grown in serum-free growth medium as described above, and

10 the cells were passaged every 5 days on average. There was an enrichment of CK-7, a
duct epithelial marker, over time under this culture condition. The ﬁguré shows ~50%
cells stained positive for CK-7 at passé.ge 1. In contrast, there were ~6% CK-7 positive
cells prior to the culture. (Figure 73).

Duct spheres were seeded in 96-well plate coated with HTB-9 matrix in

15 differentiation medium containing 5% FBS, 30 uM Forskolin and 200ng/ml PYY in
Iscove’s Modified Dulbecco’s Medium with 25 mM glucose for four days. The cells
were fixed with 1% PFA and co-stained for anti-insulin and anti-pdx-1 antibodies. The
figure shows most cytoplasmic insulin expressing cells also éxpress pdx-1; there are a
few insulin expressing cells that do not express pdx-1. Both these two types of insulin

20  positive cells have been well documented as a marker for B cells in the islet. (Figure 74).

More insulin expressing cells appeared after culture for 11 days in differentiation
medium on HTB-9 matrix, the same differentiation condition described above. Figure
75 shows bigger clusters of insulin positive cells compared with those showed in Figure
74. There are ~ 10% insulin positive cells in each well. _

25 Some cells co-expressed pdx-1 and somatostatin. There are also distinctive
somatostatin positive cells, which are another important islet cell type (3 cells). Those
somatostatin expressing cells appeared in the pdx-1 expressing clusters, but the two
markers are not expressed in the same cells, suggesting that these two cell types might
derive from the same progenitor cells. (Figure 76).

30 Vimentin is a marker for fibroblasts. Figure 77 shows that Glut2 protein
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! *#10%” Teels( Thek® Werdatout REARELE -EDisttrs A8 '95&\7@11' GHI&QYhe &ack dhat there were

i++ - . F.. A</ T T GL$10%grqr & () -G @$10% j & () - G$10%*r&(2 s!@$10%rjr& (
) - s#& 10%m1&~(l))9/r81$BL110?/6‘m§¢S§1)1g ccw m/th¢ pmmm; thedmge romier 9 glute® r 10*r 10*r
Y@ 0% r & %)% -\ 8$1 § .

6! 10%r & PI?W‘@ E Gl ‘Eﬁ%@“( lpf?t%%f"fie Bs#100@ ()-1 100 ()-1 F10%& (
) - LF109&' () - - 2| 22- 344) 6dEnbC! | | G I 10%& () - $109&' () - P! 10%&' () - #10%& ()-! 109%&
"()- \110%& ()-)666*717<77aBnbCl | ! G| 0#109%& () - |

. 109%0& ()-9-10%& ()-+ 109%& ()-! M) %0%& () -

CF(#10%&' () - 78F9KOMDNOCOPY" 9xnbCl | | GS#<i 109%& ()- 10 10 10,)v@O0%: ()- Vf;
109%& () - c8#10%& ()-, 2! 109%& ()-"9mD| 99: U: : dEnbCI | 1 G 1 109%&' ()- 109%& ()-Y
v109%& ()-!10%& ()-P")10%& ()-i F10%&' ()-:;

a<~<=,>[>aBnbC! | ! G 10%&' ()-$10%&' () -

| Pl 109%&' ()-109%&' ()-!109%& ()-1L#10%& ()-[>>>T??A] AaBnbCl | | G0$10%& () -

)1 10%&' () - F($10%&' ()- & 10%&' ()-98 109%& ()-!t SH#9$10%& ()-] AB

CCOCCC&OxmbCl | | G6#<1090x&' () - 10 10 10Y@0%&' ()-s, ; $10%& () - 8%$10%& () -

| 21 109%&' () - &C3CBC?DDDDEJENDC! | | G 109%0x&' () - , LT#1090x& () - ! 10%9x&' () -

1 1099x&' ()-!)10%0x& ()-Lcl0%x& () - DEXEFFGAI JzX6nmbCl | @10%xpx&' () -v! *#10%Z
XZx& () -v! 1#10%xax& () -v! 8%0% xhx& ()-!H 109%Ox0x& () -G 1090& () - GJI5SKLLLL
L A6CI  100x6#v@LOYOX& () -V, ;

$1090%&’ () -, 2#10%0X& () -1 *, 2#109ZxZx&" () -/ #1090x& () -

#] #1096S&' () - LLLMVM NNEOTN/ | | 109448 () - f L#10%4&' () - ! 10948 ()-1") 10%4& ()-) 10
% () - 6#<10%H& ()- 100x 100x#OLOOOvPPPaBmN !'! 10%4.0%4& ()- = 10%4& () -

| ##10%HEHE () - 10948 () - @/10%4& () - MLO%H& () - P;

QORSSSSAEMN ! 1 109! 109448 ()-) 10%4& () - c( 10%-& ()-11 109%4& ()

#1094 () - ! 10%4&' () - SSSTTUUWWABA/ | 10**! *v@ 10% * & () - =, f
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!1(1)00/;{&'(§)l-lczil(l)oo/;/‘&'(()-xv[vzz:(g[dEw! 10**1 p#l 10%& ()- ! 109& () -1

"()- 1! ' ()-0#10%&' ()- F!'109& ()-[=\\\=]]]dEH ! 10**1 /L) 1008 () -
V- 109 (O W% () - 0*1 1008 () - (#10((%)&' E)- <% ]1]0!’/&' ()-10n~K ’A‘jﬂlswg sg
10** 1 6#<10%3& ()- 10 10 10@L0%& () -
- #1098 ()-f2! 109&' ()-ccO#10% ()-~__h o dEnbC! 10**!3F ! 10%G& ()-
10%38' ()-3 CLO%&' ()- 3SF10%G& () - PT10%S& () - 10%6G& ()- Kk  af aabdEnbC!
10**! 1 $10%Ga%14 1 - Ihadastinink A @Ract Cuttut G () -! 10%& () - 1 #10%3& () - bc ccd
dXdaBnbCl 10**$10%8 () - " 10968 () - 9L! 10%:& () -
1098 () - Markeoge@essjon imdsadated -dugtsemid {isNEaBRbICt ryiuws: Thogyerage cell
1 81! 109%3G& (),- 0* . :
109G & ()PPQPGB/&%F apet Faamata s 3030 1odf% (NG UG iRRp single layer of
10** i FLOY&fid) 8! : o SRR, - .
101 FLOME el cabirdnad 6y LAGADGRMBONR s \BoshMeakiblosB 10 GH ()
pHLOYRS () whitte Bolted) dudtd 0oE0(90) ovas15okRilews:i jIzjulipj 7490 sty 32 positive cells;

10! ) 109&' () $10%. & () -) L1009 N& ()i kL PLOY&. ()= z!
&;ow«)gL' () - ]P%é»;i- ?’)465%&%%&? RRIIYS Rt é@@ﬁéé fels . Apwiese) 1YEIE () -
! " 010%& (49!cells. n=2 isolations for amylase; n=4 isolations for insulin. NAC

PDX-1, PYY
0109%&' ()-, 109%& () - ] kkkkkkkkkmN 1] 01098& ()™~ F(109B& () -, 10%B&' ()-1109%B& ()-0
t 10988 () yhsdt gAY JangddFom 80,000 to 130,000 cells/prep; maximum seen was 160,000

) Ao eRqo ot aEarmra okl oF ph ot e b el bRt 14 bR B is R O

108Y@L0%8& : - 2
#10%3%9( ) i%’Péan?ﬁ%}%%f&P (J0000 BACSEBEL ()-/ 6t Dt Vvt auuvov) A2g\ =1 | 01 10%& () -1 7

#El.O%g&' (.) -1j110%>& ()-!)!110%9&' () -"F10%& ()-icl0%& () - Ov&wwww. xxaBg\ =!| -
0! 10?/@& Ma'rkelr:blqolgé%io@iﬁ PoHOYEIE Hulets at the Start of Culture

10%& () -#10%& () -!1110%9& ()-xx'y~yyy8zz[<g\=!| Oc(#10%& ()-&010%& ()-!f
Y6H#109& ()- ! fSH6H#I0R ()- !> %0% ()- 10%& ()-8z{M{}(}-}aBg\=!]|0;

10%& () [OT0YGE () -T2 T0%T& () -0 S10%[ & () -
1) " 109%THT& ()-)" 10%T& ()--+.}/}0}1LALNI A} }bC | Q.
p10%r& (|)-1"10%r& ()-) 109848 () 6% r & ()- Byy Amvlase
%% Positive Ducts 7.8% ‘ 5.3% 8.3%% 14.5%
%5 Positive Cells 0.01% 0.01% 0.015% 0.02%
- 15

Immunostaining for Insulin in Duct Cultures

Total Cells Prep | Total Ins Positive | % Insulin-
Cells/Prep Positive

T=0, Primary Ducts 800K 80 0.01 %
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10*r 20! 109%8&' () - | 6$PEIE' ()-): 109 ()-): 1098& () - ($10%& ()- \& 109& () -
BGH JK[ hpC! 10*rij F10%&']() -Mses10%0 & ( 1aoxl0% [L0% A6)66eY @LOYSRI0E) - Z, ,

1098& () {8#10%&|()-h{*WIdEbCl 10*f 0! 10%I& ()} (500x )

-85-




110%1& () - @0%& ()-< 10%& ()- 10%& ()-")10%l& ()-1aBbC 20 January 2005
10*r! 0! 10%&' () - 0! 10%&' () - &10%& () - 10%& () - M 10%l& () - ! #p#109%&' () -r ZdEbC
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0567891 WO 0211@372F10% r & () - S#<i 10%r& ()- 10d 10d 10d<@O0YH&YS @1‘897
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Z10%r& ()- 3110%r& ()-cl")10%r& ()-.|.caBbCl 10*r#10% X& () -
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10%r /! 10%r & ( 09%; .
10 o (7ot bl FIPUL UYL Apglasgjn e Gulpues
Y7v1098 r &6 0095 oft Qfeuli-hasitivd elld O diltufe wepd Alsb 1P &posm%mp/aadeﬁm, bC!

10%r" 10%& () -1 10%& () - 6#<10%& ()- 10*r 10*r 10*rc(<%.0%r&
#10% r & ()’DX@IEb@nvwnsuhm:@mﬁw celhsoamer(l)m CHae 9 %ﬂtm&omev%%PF)E J

(Sttovk (1 RERpotstal i offitesr SLARE S 5 3Gt s50%% more cels) and

109 (9 - 9{513%/§e(1ﬂoré %}rﬂ Qid PDHL 1 8006 Thiere 15 #iti1el0%0 apparent change in PYY in

& ()-ri 110958 ()-gl 109%G& ()-g! 10%5& () - gP") 10%G! ()I\%\om& () - St<i 10%6& (
)- 10 10 Dﬂmmqmmmwem PPpeansaods prgsertinsgeReing NAGD oG &' () - 3

10%G2&' () - " 10%G&' () - TedEmN/ | | 10%G, 2! 109G & () - | 0SHLOYUGE: (

)1 10%5g&' () - )1 10%&' () - F($10tym_1_)¢1o_ém ()-ehCl i 10%100/&__(_)_.- 6#<10%&' () -
10G 10G 10G3Y@0UcE ()-s!f; 109G () - 841008 () -

Rhp#dEbC! | 109409%&: () - #10%&: () - ! 109%& () - |l 109 KOX-f | 0% hX4! 1D%&’ () - #~* aBb
Cl 1 10%: 100&]()-1- 10%& ()- » P 109%& () -{ pdiRlek0ird) | Z1OME ) -
10%& () - hbdEHC | 10% 109 ()-f2 10%& ()-l0" 1008& () -*| 10% ()-cf" 10%& () -
109 () - Yxmb@ | 10%6# 10988 ()- 10 10 10V@LO%& ()-s:
109 () -9"109& () - 510%& () - 2~d5a?mbCl | 10 31 10988& ()| | #, #10%064: () - 3y! 10984

<9

()- T=0, Primary Ducts 80 0.01%
Control Monolayer 480 0.02 %
T=7 6x 1
days .
Activated Monelayer 1200 : 0.05 %
(+ DCE) 15z M

Total PYY Positive | % PYY Positive

Cells/Prep
T=0, Primary Ducts ] 120 0.015%
Control Monolayer 60 0.003 %
T=7 e
days
Activated Monolayer 100 0.004 %
(+ DCE) (approx. no change)
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6#Y10%G& () -
0! 10938 () -

alP) 10968 () - [F10%6& () -
6410068 ()-  }10%c& () -
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* Only two out of ten preparations contained any Amylase-positive cells at all

10G 10GY@LO% S E
GLO%& ()-Clo¥& ()-M Jo%?zllﬁ)m )10%& ()-i H10%&' ()-9bCl[S! 10% & ()i- 3" 10%

** o4 Amylase-positive is on the order of 0.001% for the positive preps. ND, not detected.
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U& ()-=EKOWKI “FbCl 36, 10% U& ()-#3 , , 10% U& ()-, 10% U&@) 10% U&
10% U8 (WO 8HJ24EFbC! 36, 10% U&' ()-, 10% U& ()-#3 , , 10% /@§'ﬂf24%%
U& ()-, 10% U& ()-dCbhCl 3)010%&R& ()- F(109%&&' ()-, 10% U& ()-#3 , , 10%

U& ()-, 10% U& ()-dDbCl
, 109%8& () -, 109%8& () -, 109%8& () -, 109%8& () -, 109%8& () -, 109%R& () -/ 47<=" <bCl #3

b Loves ( )T(“s"w%i‘f%’g:sf e @Mf?e’@g‘éh Onidh lfﬁ?&%yiﬁ%fe}e[ztld_tg&- cae ()
I C1098&' ( eultdOE®Ror(QddapB8Y0&' () - 1099& () 1098&' ()- 3"clO0%& ()-wW ’?| [:

1098& ()- 1098& ()- 1098& ()- 1098& ()- /K 71098& ()- sWI|[:!1098& ()-
1098& ()- 1098& () -

Markers Positive cells/Total cells Average

Pdx1 + 20/627
16/520
10/366
3/493 2.2 +/-0.4%

Insulin -+ 10/627
8/520
6/366
3/493 0.11 +/- 0.03%

Pdx+ per Insulin + 60%

Glut2 + 5/562
6/495
2/503 0.82 +/-0.03%

Nestin + 314/562
222/495
250/503 52+/-3.2%

Glut2+ per Nestin + 0
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claims.
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cAMP elevating agent, a PYY polypeptide, and glucose, wherein said progenitor cell gives rise

to at least one differentiated pancreatic cell type.

2. A method of claim 1, wherein said pancreatic progenitor cell is obtained as a non-
adherent cell.

3. A method of claim 1 or 2, wherein said cAMP elevating agent comprises forskolin,
4, A pancreatic differentiation medium comprising a cAMP elevating agent, at least

150 ng/ml PY'Y and at least 3% fetal bovine serum.

5. The medium of claim 4, wherein said cAMP elevating agent is forskolin.

6. The medium of claim 4 or 5, comprising at least 25 mM forskolin, at least 150 ng/ml
PYY and at least 3% fetal bovine serum.

7. A method of obtaining glucagon-expressing cells, comprising:
propagating a progenitor cell in the presence of 15% KO-SR; and
differentiating said cell by contacting it with an adherent matrix and a differentiation medium;

wherein said progenitor cell gives rise to glucagon expressing cells.

8. A method of claim 7, wherein said progenitor cell is propagated without adhering to a
substrate,
9, A method of obtaining somatostatin-expressing cells, comprising:
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propagating a progenitor cell in the presence of LIF; and
differentiating said cell by contacting it with an adherent matrix and a differentiation medum,

wherein said progenitor cell gives rise to somatostatin expressing cells.

10. A method for expanding a non-adherent population of progenitor cells comprising:
obtaining a non-adherent population of progenitor cells;
dissociating the non-adherent population of progenitor cells; and
culturing the dissociated cells in a medium comprising TGFa, HGF, IGF-1, and IGF-11,
thereby expanding the progenitor cell population,

11.  The method of claim 10, wherein the medium further comprises EGF and FGF.
12. The method of claim 10 or 11, wherein the medium further comprises KO-SR.
13. A hematopoietic cell culture medium, comprising EGF, FGF, and SCF.,

14.  The culture medium of claim 13, further comprising LIF.

15.  The culture medium of claim 13 or 14, further comprising Fit3.

16. A method for preparing a non-adherent population of cells enriched in hematopoietic

progenitor cells comprising;
obtaining a cell suspension from an animal tissue, wherein said cell suspension cormnprises

at least one progenitor cell;
treating the cell suspension with a growth factor preparation comprising SCF; and

allowing proliferation of said at least one progenitor cell such that a substantially pure

non-adherent progenitor cell population is obtained,
thereby obtaining a population of non-adherent cells enriched in hematopoietic progenitor

cells,
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17.  The method of claim 16, wherein the growth factor preparation further comprises EGF
and FGF.

18.  The method of claim 16 or 17, wherein the growth factor preparation further comprises
LIF.

15, The method of any one of claims 16 to 18, wherein the animal tissue is embryonic, fetal,

or adult tissue,

20.  The method of any one of claims 16 to 19, wherein the hematopoietic progenitor cells are

Sca+, c-kit+, and Lin-.

21.  The method of any one of claims 16 to 20, wherein the animal tissue is liver.
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